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fte affect of surface-free behavior on work Performance in Spec. has
been invetigated to determine what techniques abould be developed to aid
the orbital wrkr.. 16ile they performed gross mtor activLee under
wightlese coditions. subject* reported their Sensory erA per-armance
eiqerieaces &eIjaS Ca$.rl"a vba In a C-1311 air-eft in both lighted
and dark cabin conditions.* Their experiences wer* cattorized into
nomiai.on Lafluancee a"o orienatation and b ody mcl- !nfluence uou body

attitude and position control. Waqmeamples of short-term weishtloss
behaviors were found and their caune re briefly discusead. ftontial
applications of the"e weightless responses to bart~ere developemnt and to
cew training and selection oae discussed. and significant aree" for future
research are paoe.d.

Thin tachmical documentary report hea bee reviewd Qw to approwed.

MaLTU F. G Mi1
Technical Director
2whavloral Sciences Laboratories
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VCIUTL=S NO1: A SWLVU OF SrTW HSl

The ewrgme of -og matured a Into the weigtless eavirmaat of
Spece Teqires, maons other thinas, an evelvtto of his ability to os.*nt
hitasenl MW to work within this u414 Conodition.

Gerathosmal (ref. 9) states, "Tbere can be no doubt that the differenti-
atin between 'gtenstLon' o the on side, sAd 'performance' o the other
side, is na artificial ovu becmuse both factors are so closely linked together
ad iterrelated that any separation can serve to a working hypotbaesi only.

It is minly for the sake of a scusmetic clessitic ton of symptm thaL we
conf ine.vrvelv~a to the treatz st of the 'nubjec-ti%-e or personal experiences
of weigtlosneg. Thua, psychologLrAl and cmatic effects of weLgtlessness
my stemo froa O~v msm source; aed Omy m'y affect the wll-boizj of Lhe

individiml As vtll -, % hL tsal perfos-Ance." Ie prgcnnt report explores the
perfatromnie of w'ite anoo and diacqo-.va scrA of t3le factors that appear
to infloroce 1h4z fo,, amd ara ~ ~ ooare discussied in t.arms
of soawlation, cr m.alAtion, and training, av Lwplicacioea for the actual
orbItal ytuatiemn.

IMeF asults "ic tin lises see.tion and petzoarzent effects noted during

am Laflig)at susvey and art on~ly briefly discussed In an attem~t to ocquaint
the reader ~titL tPseo no &Oafcts. Sevaral of the effects are currently being
iavestigat.o as seps-rata, indmivt'sl studies, and the rather veisory treatment
of the effvmst 80 SO. by the autOvt's is emeSAt n.y to provide faslt~ristton
vith the effects in "auetla. TM "jor incnt of this sectioa is fo Identify
problem areas psrrt1!mwet to the weie)ht1.es orbital (,verator.

. . . .... ...
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The subjective c- ts of free-floating pert, Ie and their perfermanco
at observed by tho task act~stista we re'orded during and after a series of
weightless menuvvms in a C-1318 aircw~ot (rat. 17). I.esubjects anc3
experienced "fraa-flartrs" were brtafed before eacb trial and were inter-
view.ed during, becrem, awl~ after sir~le and double parabolas. Voice
recordints of their subjective c'e nt3 ware *rA* on a compact tape recurder
carried in a lag pocket of tbh-It flying suts.

Thease abservtior er m ade maidar welgbtlaessms in a lioted
darkend cabin, .,r a daerk cabie aui *%td with stq axtif!.cial ewe I)
klelghtlesm-ae as aqperencad by a free-floating subject was cherotsc~ by
the following coeditioms:

TAW Vr~tig"I The abee of cohoalve force bet~aft adjaceat musoe
(W§tift r sta ticnry TeLatiwu to mee enutbar).

Mod savft"Wmot Isterstee possible enly to a
sural"...Isvirmmoepemt s%&jeta to stand eo at orient to amy rose

surface.*

~r!tAt!-Nqt lbs fr*o4*a fr~m the effects of gravity as the
mc t~xrel~tactile, 1ab~yrinttbin 0e0"0s)-

A. bu*'sct to lftbt*4 c~bin.
S. Subject In dark cAbLa. with =&~a d~asp3ay.

Vignse 1. lvbject end Mme Display ise Lightt*d sad Darth*d cabin

241



The fo11wtors cooditions varo cmalidcrad as peculiar to the aircraft

Ld -Vvelt~:A g traseltiaefrom 2 1/2to 0S.(or vie vor")
1aati IS-f 1;).

lh~rmtill s" no: The ilso 1 # of extreme aircraft attitud,,
G=Ossive a ZTC%-M- V noe sIOCTIOCLOA d=JtAS the MMatuVer.

Pjgrt Ttovalhqvitio: A weigbtlass period of approximaely 14 acconds
pr amuVor.

Aircraft M~tli-: Thea effects of six tuzibuleece arA pilot-iAiated
cotrT, eaarn "it toforta-d spurious a *lerrtLoos to the subject and
his eaviroUcwzl

Tba particip~mts were. d i-ad4pted in~ tht aircraft cabim for 15 samatO
by werina W o-~ A=m lllw1lato- electraltiwc4eet psvel (refer"
to as the soon) "so mon-itzd ou the rear bulhimia amd eitted approximately
O.O3Ulli8Mi*M~sevoely acroas the Uce of the dLaplay (US;. 2). The low
light lev e W u1d to OelhiDt& raflgCtioe. an~d to avv1i4 illuIAtioo of
the darkroom La, ,f~ .V-, moa servrd an a single vtowml stimulus, aod its
rowed shop* eIe ,- to v ieth In ftl"dj of tl~l 1-ocetioa of cabin

area from thrI VZ& vlh VC U.O -~~'~r,~!~ TC the xa-
mat from tta eW'-~i An ';ZAI~h o'. F, Lj i a~t to commmicato

with tbo Pilot. *
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freethesubectfrom aafm tjbtbta wcmcne
colistem with se~cimsm i anwS. (A tba u-wm (vai5±egalor) frames of
reference far the ,hJcts. The tfabot W-mr VC&CORC in ordr 09 i*zreasing

the sticalation of so"e vv-T~w 91;vlo wk ware selecteda so O~t 0"
could be performed easily In the In~ on wf.l*Am the bttaf v~period.
Iz"tractmm tombft Cre*=.d-f to 00fe th sape 09 tafk

preaetw~s &d toI==*empati- ofthe activity.

Th 11 subjen't La 06e first VWup m~a MOVtU an a ISSres peta
of their emssr &Wt With a m u a'r tilmts rmthST tbea reae" to the
vfg40al~s SOAtos. In an Pe. Zto V*&WA atterntia , themu O&mAtL",
the acthers Ar aid±Eioml sjt~lct emm tbs Filoe" at Vtgstt-?atrco AW3.

that earn be Obtined frcm 0*61*t*a ii with t"he OS oft 812l-

Laitiated ma xtszmlly L.of Eorome am "~ pr msee. It ftqr

afrcrw." pe~puation. As a result, 1A pilaue (*ergo, bmnher, &Ad fpter

Aircraft) W= selected as ovj~ote. Latear, 12 am wy e a" dire"s wv*
se1ecrM beme of Ot expwa in tLu 4 dk em b~rxx ixAw4cmtr

eawiR"Ot that LOS .fts" U*= gr-OTd Wit% the WS..ChUA64 Ot~tS.



A. l M -EWT

A l1wati of cua obw-valod = sA tftt the me of observij-st
msy it! Il1 IMOUtmas CAe 611jet be",3 *emu" (rai. Z). go tat; that the

aCt of 9060T" Irto 4 VXLWRV W~kW3 by t9A the LM~
mould retwe~ tlhe posib'licy Olt subti~a influsw*4 ev ASa eaaved - an taasbject's

%ba bsemuevl, th-, aitta yfalds mW~AMl EMMA dcca to wbh
it is difiivlt to f:,M zaiWaw' va1 A~rit. VA trtbln of brpotheeeo
(fig. 18) IS at btat A W11,01'tiOU± Of brtMbA 0 62%2 ca~&l ~tLxM&Lp kddb an
mnysa~u l *Oro1Ja4 etwoite-o h. am a is tia Lttitat of this
repot &Ai uay oba~rvational mavh 'Js; i., zo &waau e= " We~b fruit-
fual bypoUoe"e.

Asoetem di ufwm.sV of this e z ahnqa La tket the i. .esigstor my
collect data em trelovant opratl4*, b.e.aae be dooss mot know SA advaco
what is i£~vrta%*. The authors. hmmvwc* Od mot wish to reduce the probe-
bility of the epp~trmat of uioknev sestions by at-.ucteria the tests. arouind
prevtoeely coaocted notia. of t~at factors wa fr~ortant. In order to
reduce Ch~a influence, the taot' wc !vTn-ue so as to nialmily interfere
with 00 subjecc'a fsi q Zco 0o' W~ticr. AA the rest prosresSI.s, the
&others b-Scorn mr~ro L,21GCt3,V VW1 C .Ilmr tMIlCatio- of svtslata (0", WTIMM~).
howovar, tk-, co 0a, St , e!*.S rrni zld w~icham~od. The only use-
Lea* data -, _e u in LatL2 ra: _t d L x1T ~c y with c~Ig'aa tall
deaeriptir.a5 of t.4h~L -x* "0ztc, a1. lce iec atat~c electricity,
and odors I rtv the V4~in uad La the aeatp.ri tAl &me.

ThM lack ot generality of findirtSo is one ;,I the most serious limitations
Of the absaerwtio'-Al tochaLina. The autbors &re not a .lestift tt sub)jects
confineed in the resir of a dark airplane are anvirvearsnally equivalent to
pikraaee1 frea-floatin3 In oface. We are su.!PtatiP4. hoevr the probe-
bLILty of high correlationa b'etw,,es 'a wy of the agory AMd physicAl relation-
shipe s UI e wo weightl*e conditions.

Originally, the authors bad intndeid to irtcoriJ the friqr..aacta of each i
offece within each ctil in an attemp't to relate ttro effect to the specific
teak baein3 acoml..t. fortmtsly, AproxIitely 67% of the data
%other"J was uisable hbecaoe. of iLo~aM"to recordlog elipaat (noise
interference), recordine techniquesa (Maintel1liiblo rm',rka), and inaJ*IwyeInt
spoilage of the tapes b" the transcribing agency. Ihis shortcoming eliminated
the posibility of a szudy of taak-effact rv~atiohips and2 any attempt tv

qualify eithr the frequncy Or Criticality Of tho ezeWMrateA effects. itie
aituatin forced the azithors to rcelactively sample tape .erpte for intal ii-
SLbLUty, ma arbitrarily catv'sorica thea into like effects.

In edditica to the free-floating &ctivttie, list"d in Ap~*ndix 1. the
est aection airo contaLrz #*,lct*4 observations of~ subjecta' behavior



dwing otherwdls Tbevog~ ob"wa n wa~rs Includ.ed because of the eithors'
fVeling that thamws r defhito rsi~tionaMps; betue those actiwitlorr and the
simpler se lstod Lik Apqectdix 1. Such o*serotiems eye i16mtified by the word

The ateatisfactory auio recording mentioned abo,,. our.osts that a better
system 1oul be desirable in fut-r resarch. Such a system was dovelo"aed for
the Air Torce by the Seismograph Sevice corporation, Tulsa, Oklahoma and is
described In Appedix TV.

S. Soeaticos OWd 3ftfcts - The following reflects the mensa-T7 experie*c*s
and effacts rerpore &o'~sbjcts. as interpreted by the aui hmr:

1. tksilaratic Dowif Svrface Freedom - Subjlects who were not annoyed
by the acceleratiost history of tko iswr (,ee a 10, pags 2S ) alnogt
inveriably maied and lat-hod, appurad to enjoy their &-free scezing and
reportod symptom of empboe'ia or exhilaration. These syrytoms were wre
pronounced in the lighted then in the dArhecned room.

(Astronent) "thilaration isa the proper word." 5unaI: AP"T7e ea'vhoia4
is similar tog but not identical with, the eupboria of the frtee seszr.
i)aJor factots, I believe, are (1) abrupt and complete enrvironmental alteration
and (2) abrupt asdificatiom of all sensory and *posturoraval' cluas.
Increased wisa~ aroeeachnces owphat~a, of co-..r&*. I ss renindod. however,
that in poorly iwtiveted and aive subjects. panic my result from this
'threaeaivr~ trnsotivn." Diver: -AThi [task go. 8 - lights on) is
better than the lost tie ttask Do. 7 - lights off), I can feel what I'm doing.
l's moving around a, t enjoy it more whn~ I can sea what's happeningt."
Diver: 'This [task o. 81 is nor" enjoyable the '.-igth of the run, much store
s~o than when it's dark. Whsu you're oriented, a mote enjoyable expesrience."

Discussion:

Dond's ovggestion of panic is is accord with Gerathevohi's earlier
prediction (ref. 8) that "Moere Is a pas~bility that the an's response to
this eert* sicuation might be one of befuddlement and wtoesiness, If not actual
terror"; however, this response was noted only with the few subjects whim, the
authors belie"e, were fearful of infligbt weightless-produc ing maneuvers.

A, Quotations listed after the term txtwales are either excerpts froe, tape
recardlngs, written stAtements on que~ii~irs Pather.d during debrief init
session. or ato me"a by observers. Most sources are identified, such as
(diver) or (pilot). Yhe euopls are Included only for the purpose of suggesting
the scope of the effect. The authors d1d not attempt to integrate choe excerpts .
because they represent highly subjectiv,* opinions and any attempt to systs'f- --

atically explore the effects would .cquit* indesndent rtudies (several such
studies are currently in progress).

so Pracmal Comm~iction, CtwmanMsr C. Bond, Officer in Charge, U. S. Moval
Medical Research Laboratory. Now London, Camu., 11 Jon 1961.
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Ceeethmahl do" say Later (ref. 9) that the "mental sen ation of

weltleorse c=i beat be described as one of incredulousness or even slighitammmmot." M r (ref. 15) ba predited xtraam reactions: "rho lack of
gmvft7 In & e; oz ship will l ire t~he senstivity of th gravity sense.

The gravity sense argam, will r*Act v*NlmtIy to the mallest forces acting
a the body. If bm merely etatches his body or turns his bead, b way be
.mkelc b E sessrntica that he is bWA lifted and jerbzd back and forth
ot that be is szkeniy spli~dig azo=2. A wra ibu tim' fromi the shackles of
grawity wuld =:at prohnbly be 4m 8 ecaatont stmte oi? p'kuioli&~cal and
psycolokgical teasion." Our obsermticas failad to ecafirm such dire
predictiaon.

The dMdan cebility for 6 d a of rulAtiwly uAL-hftad body
swetm could b* a :ouwIl stLiule tceco, Tke alr~et efftrtlas achiamm~nt
(ase ref. 6 or forc r .A.i o cf l body locatym " atti tWao
ited deUN~a in Into a o "i mClei O &As c=in eii iror tnt

(rats. 31, 3 ad 34 , Kmmtefta of Zm-l Paritia in Aircraft) cprat.l)y
pleases subjects ncctcarzad with Ltofijfr f~uv.

C-free trainin ae d design shvoild mt titly be ba" uijou the
Seuaee of pLecirtg sea in a potiitislly .=ItS and sejorbie 'mvtrcmt.

VoceTmm~e lcyolt a" n elf-uauTf stn w ll probably W.' havo to

emsier th o prvicualy t aLte- fc ir aepwts of the w s ehleyas

t. be ceyevrtz;%le.

CDivar) "telief fromm s." "It's like floating vithout Owe water"
(fit. 3). (Diver) "It's ibs dromming." "Actually tters Is quite a little
bit of differars~ to bsLA wightless harm SMI beins weightloe in water
becaeem them yn CAM actrAlly feel VL ,rsmlf, YOU krnow you can't foel any-
thing here.-

Discussions

This perception we most fre~qae~tly reported vhru mmbjocta performed
Task Il. 1, which was a proot static positiov withviit Itah movtnts (Ap~p. 1).
2%e WadAea elimnation of body weight amd Poettive surpmti"g reLleas which

iserree e atessor to"e in order to asks the body rigid againtos gravItal:miull
polls* (ref. 30) tanrudd to LAuce posture chmracteristics of witbdrov ILS&Si.
2he farces that mtst ?- ezatod by ttA calf acslet to eaitaat the uprltht
poitio ona*art& has be"n calculated to te .afta to 4abmut one-4"arter o~f thn

e ight an results In a stabotic cost of 14 per cent more caloriei per
Omns e e a lying posture (ref. 30).

tn tae of musoelcelastal rsquirmswt, ws~te~esin a tiny-

rn'ss smviromt'nt. Craveline (ref. 26) notes that an j the zero-gravtj.-yI

.~ Ii
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VtgW* 3. ~Sietaow Cw.&.rt

state, Wt!ZO ie a trzbs decceito th e amen of WInCUlar effort eir.
for Met activIt*a, 1a bw&;vA O5virvw=UL.

loa.d Lu-diat*17 ~t t2- wistle-s Stfa Mm1b*ar stated aftaoi his first
X-15iS L-'"cft--J1 NmL"stI0Mto of recting af ter the

(2) 2b eL&Sitaau uie*r mwy aced intJ mns tban a tatbCr to restrain bla

3. sensation of ratingz ThdePA tas~ee seyrvatleft of faiiLaS and

s1~al sessatie of fai*& is rarily .zexprtenco, and t~tt weigtlessness
itself doe" not iM~uce fear ad paui.

(lot) Ob*, w vso. fa!lin .eowae"i, at ell. I exputod to fall
bat I dAl'nt. two wbsr* I hit sowthMnz I didn't feel as tboto I we as 6111."
CDivet) "ft owt first S beoreu comng~ at of the me", I did bae the emotiom

Ioffictial TAtter frv2 J. A. Mtnhr, g"ji Flight "2-14-25," Wtiowl Avletioti
sad Speft A1*dietmeti, 3 April 1T'S.
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of fllin." (rstlosOise) "Mi senation *a in my eperience to a certain
Lt"(P~eoygist -1- meanin of beigbt aboree the floor in terms of fear

Diacuset.':

SIR"a the subjeCt eat the eiCTcRAz * vth tr*wurS* the sees general
paraboli r, tsuject Is met WaLMf~ ist vueject to his LozodLica fros. of
refrw~e -the airrAmlt. we fowmJ a for subjects amparlanced a aersat tue of

£allica only dntring e4he tracita to or from the voigbtless porti.on of theL
flight trnajectory. FoikLrin thn travanitom to 0 S. vbtx*ovr sensaationa of
falling thst occurred duing this tranaitk~a suzhsidso quickly. If the
tr Witoo to 0 a Is vwsd Igm4lly by flying an aircraft owt froa ,uwir the
subject (rathetr thas msiti:-s rapidly from + 2 1/2 Co OS). tner. eajpasr to
be so snsaetio of falling - ratbar a tramaitary scaatin of beinig buoye'J-,.p

or floating. SudAa dis vrfraue cf the aircraft r-, bo, indiaco falling

captive cues. DurIng Joseph UsIlbhe~u first lSO,000 ft. X-15 pariabola, he
mtioed that "I fond "I~ef waiting fvr thrust cutoff. Afteor that there was
a miU sensation similar to f4alling. We as recognized and forgotten in a
very abort perio of tim."

ftia the s"mce o portimo f spa PnS<t eatrnt
probably Will Mut *~ oSMoCatiov" 01 1'*lltni. h is psrformnce
will prct My not We lx-;:alxd by any c otiniun falr of toiln, and Po
&Va'C~l peawtions need "e taken in systson dosi~m to ass.,ago the possible
cmeq ae of fear of falling. 31rocle the ttia -tt to l:4 froo "sightless-
eas and t1 1 itory disturbaices of the vehicle way racult in fleeting but
potentially disturbing saftations, includinF that of fallng, pl-aned
exposus to such expernience Is recoorandod.

4. Orientation Effects - 7%e r.* fOvr effect* at. concerned with the
webjectso amiltaues of his own body position and motiona. C-orftbaool 4sf innv
this awreness in term of octentatious 4.0., "ths ability of One indiriltsa1
to locaIlze hise positio with referace to ththin aftvsiaIl space is
1010datoo in vhich the act of LocAlizatioa is guidead by a cemploic of visual

O* gravitational cuas."

iM postulAted cetributiona of visual, vestibular. od kinesthetic
some" to oriautution dauTiog wightlescesa are warifold (ref. 20, 24) &W~
will require extaneive study. so attempt is ues in this report to i"oiAt4

apersonal Ocuaioation, D~r. 9. Schaefer, Chief F'hysiolo,1 lst. aM londo2 1
Coecticut, 12 ion 61.

Walker, J. A., op. cit.
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thuoe COaatrihation.. latber, th heaomeumlOsLea1 approach wag used to
4*t.*Lme pot*OtJAl ofientattoo difficultig&.

A. KawIAWS8 Of Li ) ?ouItcOM: Ube subjects kno during at, of the
coudiL8u Meu nstt" POSWt W Of thiri 1itbe Icwvr Mvins thir limbs
my haw resulted in coutfu oo Snit!.l og'ZCcjjhS, and amecil latioz 4.

ceutit-of-inea.

Chlo) *I bow VIM" vg Rau and teal ame. I pt eoftz~d Whaf
I'm WARU*z-" (J!7y120I~t) wZt W,4 vMrLz to 10 Cet I &bNA79 h*iw
whenw sW a 1 s~ wmrw Lip vvimss IA6**f s vk~h I bad u'tkjecto
nahmopd in a tumb coaisn tzi (at ".e~ t= vcmft ) LU a dort, .cbeloe
tow, euer"M hiW thu a tiem - ' .M kM Stove. my arm EVAlo are'
vltbLU Mo boar. IyAM t14. rr ad ko=1oma Wid OWas2mo1 of lib positice
IS 1t If thu ero *JA f gzsvIt7 tzMa f!42 if41016.

5tmi91 emoes ("1l. 38) "If we emo am%, we wold not toot
Its woegft. [TieLs Is t pwately ccrivat, as a vytd wcc1eaton rmy be
fa!& as a weigbt uamoetloa; hwao~r, *1te aalrstlem way be below the
porrevenal trwehold.1 Tawofas of the ttw ad wat pevity rvpnoamts aw
adeuae StIscam for ascnzate .1mteo the 11266.0

uLi ~- s ~tcv L *"* with pr1tice. Asuod ml(f 1 oe
with bliad.'614.d, tarmzAd wibcts esnhb%-U at tenctv wIth a otylva.
"subjects adjeot' to tha eittca ~i'LA Cmt firat eta exprav to weight-

lenas.. Te IV-wU~-'l sci-no l~cwtory' ta""~ Ii #~tAd teuat grae
owzell~ ame &AMjr-tsl7 G:aT"n2 t wfa 22M L.'t Pci~eUo wit% "ye OV03

GDeWIVAttc of rho WV- or-mctoe, htrni " tha 11vW-tO4'Zao
Test (ref. 6), Mo pFt. -. a byjEoir4&ltsvo Jtlautil
(Xztra). V"u toot =20 mazc win~ I" bi 5lst4*~ s bi'~hly *1*rt*=Mcd
LU wigtiss fligtt. Tost V*rfo~.no ws seth smI accuca, Ladcatin at
least a Witgbod smel. balame (fta. 4).

or. F- Schaefer, on1

".rotheschlus oftbtes imncu,&d outrial per each Koplari" aprabola.
Sbv aIscLeuce. Lebvratery's atv~les inclodod sevrrl trials per KeplrLaft

parabola.

to
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)Nvy subdjets moved their limbs 7apidly (Task 7, 8), theeb,)j
ascillatirg their cantarr of =Los. Cbafnaion regarding body attitude and
pa~itiofl itpprrntly inLcrad wheni thosa subj~c-. pterforzaed the tiabling task
with liWhes out, Isecaua, tbay ri..takanly tbot~ their am3 ad log notions
resulted in successfut body rotaticr.

Application.

(1) The orbital worker w~ll prdcaZbly develop mwfre-"od limb
positions (reLaxed poxobr, and a-free coatxols should rvquire loe of an
actuation fare. Mzacla decreantg shold be established for the operator over

I"waigtlas perid and recut"d~ of esut.rapdl

(2) Ovvrvhootiv% occurs in darkneass.bt* oldao eut ail
decreaseo .serrr (ref. 11).

(3) tlV4wis*IUY lciftt*4 dv MSru(f. 5) IM7 be m"r apprcrrlate to
the fries-floatov. ??:ps "a renlim the risquirem,4 for him to olip hieei
to a uiACl.-a~ actuation #Woo~ but could Latrvd~u eotrol motign standardi-
talc" prtblaza.

C441

I-g LEIVrtf 0-9 LEMER

Figure . Zzomples of Oae S ed Zoro & Coftrol.

b. LwwldS* of Body Petition in Aircraft: flonotating subjects use
their body pcortr as a focus for criaototloo rather thian an Wavirc.wmintal fraszs
of reference.

Ii



(Astronaut) "Zhe ftrst tim I have over bean so coeplet-2ly and
quickly disoriented wihlgtonorettniso ols.

no eaatas rlast* to aisube~s i Icribe ul oyu thipsa to the fth ptha re '
sense orientation as a basic reference plane for the workar outside the space-
ship for a mumier of reasons. Visual sense contributes more to illusions or
to the conflict among graveicationil and visual cues. I mentioned to you that
I personally bad mo prvblene with disorientation after the first run andi had
was the first abAjct. I was not exposed, as Dr. Aq.-*ro, to the visual-'
gravitational sesory conflicts in looking aout of the wiadow of tha airplane
amid 1ping throush the motinse prior to the actual test. I would basard a guass
that you would fivd a lauer percentas" of diaorIezitation and hirsichnase in
those subjects who were the first to enter the darkroon. If this is the case1
you could Strente your arrcnt for the posture *an"e so a banic reference

plane." (Thifrtumstaly, a record of the soqusnce of subject testing~ was not
a" for this study. k1ormally from toto foui subjects flaw per flig~ht.]

discussion with John Clene (astronaut) and it was mt until the run use over

and we were In the pulup that I realized that, is relation to one another, IV
was upside down. lbA important thin$ here to *A is that It didn't make any
difference! The Was neverv any JraslizetLia 00 my pert tt~t there was ay-I
thing abunomal with our being fAtca to face, yet with china pointing in the
opposite directiona. From this, at ioazt, I am coevinced that astronauts
will soon acclimate to the atravic stots.'

(river) "As soon as my feet were placed on the ceiling. I regained
my orientation with the ceiling as dcwn." "As long as I can Ik.p my eyes on
that mooglow, I can keep my relati-m position jitts -4&sily - I -Am tell
whether I'm vertically posftioned or whether I'm horizontal and which way I

a going from it."

Discussion:

ino mtes that "All of the sensory receptors of the body concerned

with maintoemaca of posture, ezcapt for tie eyc, are stimuslated by mechenicalI
forces. An important aepect of YI-sual function in pnstural aoiantation iwnd
motor performance is Uts adnptability. Respotwe maeification can be effected
thrmugh isarning and reinforceant. The reisative importance of visual
informtion in ieterrniing spatial orientation will he Lacreased in weightless-
mass. for postural orint~ation, the isjor detorninarts of responss are
learned &xpectacies about the relation bstween phyaical environment and
sensory isput. A visual field providing cuee which permit the individuial wo
construct a referemce frees should be provided to aid spatial orientation Li,
weightlessness." Ph~rgria (ref. 25) diowngrales this requirement for a visuil
field sPod Indfretst that Wvividuals xtao suddenly have tiaer information (we
spatial orientation reduced from three sons" organs to ame, at first lose

Dr. W- Schaefer, op. cit.
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their gense of orictationi b't IatAr a&apt xnd re~ain thia orientatin. ling
(ref. 20) Laer pvai Ms that. ":Pi-. co~mpet "'Iilral JA -ti" Is ",n~ta
comiust43n c*% b.ae Oe alaltT'iGVri"i.1 oim~i oiie 1n IIfornEi in
favuor of cute VI=~ am~ nt &W111i~44 17EO- tkOy5 (T~j~ eaphasi £8 by
It=",a and QrOftun).

Strogblad (roil. V~) mmy lbe &--o~ visum1 as-wo and
doeffftizing Cs t;Wtin same ut~ra h* 1 oaa taat -arloamtk for move-

amt in Mhe epc"121twill~ heve to be z.cccpMkheJ opticaly. Vo reas on the
earthk it is d(O 020"c~117, C r~Tovtosile1y, with the vo~stibuLer sem.cn an
presswe saase of 9~.c _im; cod C*retbzvimbI (rot, 10) later otatod, wtt is

faA~til ifra 07*3 c'-m r s'.atile oriritat1o=. Xcvamr, tharis " no
need! far ths vrzmlc "~ e ji,4 a coa.1w Lm."Xrtkie of the direct ion a"d

ammmt of grvtf Tho lknic nd is for a z=;nv that sea s to ~ body
automatically tW ttvir effcts." Thin stlrht be &T= by nm-! of tii. to-called
posito , n I wic era the uo tobodyo.nti r atsnra
positirl on atit 'az fr ame tbonatt ~r'yt.i omo rowour

Slams (r~if. 33) bw, proposed the Ionert sa (toot-dio". ) orientation
as mi basic reference plas for the wcer'.r outseide his spsaehip. Bot!As' w~is a
froo~t-forwa, diarc to this intct Ia.e, -ith rlaion to ublahd doa ; bu
weightlfoesd eart totn spine inwite, - ith reltion to bp mW down; bu
in all cases sow ore out of sbout 50 runs. the plans of refarcvz u as to the
frontal apect of O-z "od. newer to the poaevior aspczt."

may (rag. 31) mipports the doc!l.y.mi of p ttrral ctta in tche
percepticm of t!-- _ avlticyml wrt;A1, %i=zovtr, pI f.a Ltao W-M
found~ to ixtflfz.%:' the Jc.t!Z-ot of tba vtfin V~, 'TW t co-mwtn::O
the avldifl"Zv Aoil V~ -.2 p'oetzra wrzticit tly vl v nla fictfr', evs me
demsxtate-u. La &"inan sit-ecioa fm tticb on Ledlyi. ml, swzmh as a ipftot
is subJected ta CLL' type of conflict, relLatw. teasbl to ba pl~Aco os' o
rather than ii. oX cue% aa J..gi~ntacive r i.Le Laoa c! i -"wtas
seY result. Tn bo'.7 of arierem strur3Xy a",~ r'v pnoce fim as
being the pri=227 Cme fc tMe P'rO2Pt1Cm o tt4 PMINN'c1 t~,11,1 cd as

exerting a VettvvntJg~ effect In the pevrewtlomoe tka vlr"i..'z Vrtlza1.

poxh hae bWe wrttaz of studies -vftz.en-d vith li diffaranas

eqWhsL-_c4 th* betavfcnil cooloultims of entrrc'o N;4y tl tcrc field
orient"d subjects 9=4~~ci dtfavrzas in thoe diwvorc 6m~vjis in cartical
atertmes (=c), aonovpcifLc fluctuatioes eC~itm-point s#,eory thrCelt.olds.
pein :hresholds, dlackwf*Tt, adrenalm n laewis, pulse-ralte varlability,

CC4Wr.nwsler Ionmj, Ibid.
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projet amts atInternal precepts, orntruaal periods.* axiet7 rat iiis, and even
psydcpthalog~ical inplAes. He. suVr'sts that these paeeptual differenes
bm st any Importamt oerel, blopsycholo.'icai theoetical impllcaticosa wall

as avinjg specific implications toagrd respammee to stressful eo~riaoital
situationsz of iuportancm in Air Trco operstiaas. Altkourh there is a larpe
variance In U~dividual differces. his findizfs are consisutent with Coben'
(ref 3) that extreme bcdy *r extrem field ateted subjects r mom likely
to show pathology or a pSivter eveooptibility ia reactiag ti strmsful
situaations. This sur~.ts that a *idis" or awea-field or vom-bod vrovp
would suiffer last to orbital wwtlers ad thoe. perscuaiity variables WM'~.~
Serve e aslw selection crittria. Sblcto with less distinct be*y or fial
pereept*&I cberscteristics may sbow 1"s8 discri~eization (I.e.. sowe stable
orientation) Is a low &~mr Input eseiroeat.

Diefeinh~'ss stiesla (ref S) appears realistic, "Orlostsitics to
space,* viavallsod psturl, is thza retm of am ztoptivo faactimo which
Involves vut only the roomptor mgme but "er. Wsdizrm~utivo responses me
well. conidering thes vIube w~atattesal isfetwtion* It msy be
presumed that my coe will be &-mttically diffeo from mcal experience.
Vision of swir~w~im aa frcm the eadot will be %miqwe Is mm~'s
experience, and be little roL,-ICeiP to my, esp"Irit.zc bedtrrM4.

Preprlosptiw saticu will L* bavA cm body emborv with sev, but me
w*Ijht. Vtatibmlar sti&mlil of a at~lIthic n~ttee till be ildtd to thoes
0:.oduced by ova ms~etn ffre"i a4 tkve fWNi beci Pv~x=t . In
total, the presport of a prismc eIM2 CMlA to fittest to his suvM~1ag,~j
dwee on gem fqq1.

Tutw'e apoimMoM ar~lwor the Prtaectirn of visual,
pppeoptiv, ad wstL?.-nuJr c=9an "- b orietation wed moto ct-trol
under varying S lineds. botth this m74at wd Shock'q we-,4ts (ref 3%) shaw
that lsr~~aimd" to Ozxqlu acceMtOtlea prvt*= by the parobela
mottom" baws to be earefvlly jwdcs. for iapiicoticon with regard1 to candtha.
of true wih sm.

(1) Vark station leyout cld be designed tacid a p4 stwre orinta-
tions I.e., the oerator sx4 sot the vuhicle or the *pet cooId be the local
point of erientation.

(2) Displays sbasl set0 require sm aWhtrary prt-o-ila
alipmest for display Interpretation.

(3) A vehicle-o-vtos frfuw of reference sight be bawed an elements
of a Pature eri"tatI W.

(4) A crew, selection criterion toy be the elisiation of the
cmdidatee who erhibit *eares bm or field o'rietatien dharce-toristics io

a ueavirauwmt.



a. Xaaml.4a of Rctation: Subjects tevi-+d to wmrawetimate their am
raes. of rotationa in~ the &u* condition. lahbdver.totr pwRpc44ft tumbling

meuwrs did not apear to induce symtomn of dizzineoss at v'ertigo although
disoientation wu- pre1vaat.

(Astrosa) 101 bad am unexpected lack of drzfirAss, asI an pro"~
to dizso".0 'hex !vA td~whla a ex~rfaca, I had nto fte1ling of rotatca."
"Sea" of rotation io V~tn of self-rtatioca, rmther than a1mraft rotation."
Disorlentstlas witbowt vertigo." ODIsarLeatlon with exidirat ica. *w Ccid

aintain orlaetation at sloi. rpm.* 01 tbwar)t I was spimiaqj lose that 1 did."

Discussions

The I'az-t Cat r-= zvbjocz were oft-- arrprLa.4 to M4n thz.rs-alms
In unoi;4p it at f1wm cm~tc F'z7 that a Perq'~al dc r~

~waofoI1=01T4, gf of rotatica vT7 a..2 in the vaitl * a st'te

in daknet. ri- I wicb tis ptr=pIra bo ebtairAd is wnkncit (mf

at a later ecta fcr etb*ftv accala?-gIn; L'a a Mtiow dwIir in tho asiraft.
A laeer comparisc w: 7v-m 1 mJ 0 Z thmJWoidsany aid rot~archers in
6sfinint the contribwtios of the p grYeocLz pertinent to this perception.

13I
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Yertio (visval, grarittal sensory conflicts) sen~stioaa my be mre
difficult to induce because of the fmer conflicting inputs from the gravi-
receptors. tyaioloaica. tuasbling tolerances sy be higher because nf
deeaed carimac activity. Smiall am ts of subject rotatiLo cgs CAR**
low of Vwina ontact with tarat ad result in dlsrientatian.

(1) Indiaes of plane And direction of spin are probable minimum
informtion reqIrseams for tumble recovery and attitude control designs.

(2) IEtatiom thrcshol4@ a tolerances should be establish d for
wsightlenessm.

d. Kuldt of Swrface Lcat o : si leds of surface locatios me
poor and knowledge of body-to-surface alimost was alstoet som)stet with
surface-free behavior mada: scmidars and dark conditions. Surface0 be&Avior
tended to La isefficient, but increasia body-surface contact amra helped with
body-to-swrfaea alL4anet tasks.

asample,:

C"bLsoloisto" e) 1 seed only a fioirtip to b ar track of things."
"Once I hid daetarned the size of my esvAro=*nt vit tactual C-c, I became
disinte.eated is the aircraft position relative to tha earth and f -u there
on I falt cealetely secre." (Dtwr) "It was like a bnttc march plan
us" for recova"ri objecta in water with no vitbility." (Diver) "You can
feet enonk to right yourself once you get starcad."

Discas i Los

A single. tactual contact offered surface location information but
poor attitude itfomation, since the subjects had a m er of prttatial bcdy-
to-surface sl m .nts.

loth subjecst and obeerver wer often roofus*d as hetbar
Sivea Motiom wae due to their motio" or aircraft surface u~Itioo. A free-
floeting Wes (pillow wer aed to avoid injury) was istroi4ced for detecting
differences betwen aircraft and subject ntion.

Inbility to prepare for surface cotat because of too: surface
inforwetion pvodud greeter apprehension and ¢cci&dmt in the dark suviron-
smt.

tri Al CammicatLo, Dt. S. Carathcrohl, Office of Lfc Scincos, .ASA,
19 Apr 61.

Dr. K. Schaefer, op. cit.
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(1) bngsgvcy teckm&q es for returning to a surface In dark conditions
shou be dew l~pod and practlicci.

(2) cow Statios desaxa oight e aize tvta1 ourface area Aail -
abiltoi en dsa xieda £ InMla isaf.Iiie floor co&capt (rot. 3S, 36)
boams of tto botv&=Z#W4 bobadu4of 0@ tn F -flastor. fte verkerve
rotatioall vatika C-= 41 &Sm~tw* a gobare of activity with the mWkspaoc

5. Concern ever Collion-Difficalty Lvk &%tb Iftertia - oncern with
PeC*tsti b"d Laj~y dW-i~g S aUrfACS COMlD iliac. wA aOIM istzinte~haa i4.
the imesremsa of op~nvching a owe..* (Zurk cebton) and tho iabcility to
self-rotate and props"e for a landing (dark aid li&fht CM41LUoA) us"e re~ortod
as mejor fears.

(Astrevowt-ooe App. 11) hewbo to re&-lize thet wberewr I ax, or
vat positica I so Lao It is coadortable to =s andi not bassftlo even though
upaide dom~." 1hea big factor with m owe the fear of Injury Vmo completion

ofthe mauvor." "Your mind ia continwally trying to think, wall, which W-7
an I igofi a"d thn so I gains to hit on wfrce part of ry body.0 (Diver) !2
fat bettwr i-f I Lanw both Pian-f froo." "A&tually. yotw fe-at snd havdt aiezn't
too asnth hel,. Vrwei you're in tho &i~rk, ycm ecc't sos' wlere to pv. thTSi."

~fli.rr) ~todto land vwen I k~A, msy foot atainst something "o It maeda It
Much ozolz."

Dicussion:

Inexperienced sa>sring subjects oftzcn rotate czscoatrol Lably during
trnslations. Subjects wnkrovinly p~ush off from a given sutfa~e with a thrust
=ealI~~nd fren thsir centar of moos and spin while ooeriag, thereby losing
natal contact with their desatiatzzn. As a rosult, they often collide with[
surfaces in svlcserd positions and epanot proporly abeoob alvwcks (..s fig. 10).
Borly exhilaration appears to pr. to ow'rcontfidono, end4 subjeta could easily
Me injured veto It not for the p~etiwg within the orea,

Unsuaccessful flailing respooa are eavaelly noted wha the subject
become aware that he to rapily closing with an Abjoct. it the dark cabin,
may, subjects cwntlnutooly proticted their faces wvh upheld arm in effort$ to
faud off colliiovas with uakn iwn objects. (itawdirn i L he dart wae difficult
seel subjects hod4 hard falls during the excessivea period, bee of their '
inability to align and hold themelwes perpendicular to the floor.)

Tochnl"ue far pravevly dfaafpetlng W'nwau should includa 08e

(1) velme t at Wzunt )f it~at - self-propulsouo uits atheild be I"
low thruat CIAO$ ~r A~J); long tate;-ines stwuld not osp te voksr wlheii

17
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Ftsure 6 nadvyftnt Soaring Collision

the line bocum~s taut (the proper dowing cekaeristics of a tether are being
detenae&0)freet searing shoulid be held to 10 mph or loes.

(2) jsat of laandin. Is directly proportional to thA M2Aq at the
boy- it is best to discard hi~h-sass objects before Lw~~act; it is extrvm ly

,antarous to be caught betvsen two colliding meses.

(3) Te tof body surf"*e at" thrmt!vhch thv irect is
absorbeJ the standard brekfahaofju1 represent elitecivve=*t-o-ds 7 or
spreadin the impact over Uerge arm and body a~.

(4) The distance throush which decelersti.,t''s Lhe arm
and legs should be used as shc bobr;like the standard stance of the
parachutist, the limbs should be nerly but not quite extended at the ~unt of
impact. Limbs locked at thes Joints my cause hig)h.g ioa-ti&A shocks to the
torso.

(n ) Thetizat vfieaatiysbiected to in~c - da'aege to the head
w~~~tical~~~ and i-ehctninasn conpreasioas on the spinal column

mujst be avoidesd by develovir4 proper restraint and tether designs.

(6) Properties of the surface on which the body land* - extensive
padding will be nacessery. Bhe deforzuabihity and ccecpressibility of ths Lading
surface wili mia an enorvews difference in the serioisness of impacts.

Apriic~atiofts

(1) Collision anxiety c-n be rsduced by extensively poidding all
surfaces, by providin safety guards over moving eluipecntv and by having the
subjects veer protective Saar (helsves, suits).

isM
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(2) Owrroatrol, the min c a e of Inadv tent collisions, can be
sharply rdueed with short trtLz i flights.

(3) estad se Lf -stabilLsatiom my be a minimm equireviont for
acccplisbi -.bital eafers La order for tho wo k*r to mtnt4in a proper
visuel reform ,P and to cle.. foct fist with tb tanot surface (ref. 3).

6. Ill.im"e - Te empt~l acoolaertion patter. of the aircraft m=ewier

smstims imolvaad reel a" apparent sotns of the nom a-d rotations of the
ouvirtmost bet, these illueione tauaod to descrea vith coutivomd arpoenre.

(DvLe) WIIe floating on the Collins, I can 0n the moa, I feel
exactly as if I use stmr4t so my aands.0 Diver) "I bsd the sntt~oa of
being as my beck &,*Lv scxmigt up, when I va walking d mm the cabin."
(Pilot) "I an st&iAzg ad the amc is moviing up." (istrount) "%Tw oan
moved In a jerky otioat I think because of the turbulwace of the aircraft,"
(Diver) "Tbe soo itv a duties the 2 1/2 a." "I was walking toward the mc
nad had the feling that I Was galkInI 1a vertical plane, actually straight
ap."

viacussion:

Gross ",tf, ac ivity by tlhe cuj4cta ~Trims the weightless intervml
in the dAick ofta3 i dis IriAti" and nfervran.often these

aotion 'sA %WT canfusions *,;,- 01oT 10 olotion (sarfaca-ersa.,,ls)o
for osva-pl*, 111 ft w n vlntZ4tr I'm on tb for or r"3 coiling." Thece
motion Waxed illtiior vore noted b7 m t tmy and wer* frequoatly noted
by spinnir4 rnubjzetz who experienced a rzpidly z..-vtnS viennil field. $chock
(ref. 34) motes thAt " trlcle stimu etion during the g transition periods of
the parabola nftan ioc~soca illusoryv sotions of the Larget. Ilinnione incurred
during aerial flftht have be reported since the beginnirg of aviation. In
the dark, cfv-x~ree of ths apperamt position of a fixed torget result wb*n
subjects are *exVoe- to limar arn radial acceleration .hile flying a ballistic
trajectory." Garothfntobl (ref. 7) also fcqmd "vt;i harmased subjects that
darias the vaigbtlesi portion of the tn lectory the tano~t appears d to ' 1.
stabili e, thsi to oncilltat u9 ard down as the subject (y v4irtue of aircraft
aetions) mde oxtcram Lte t gative S and positive oubraravIty states.
Cratial (rof. 12) fokM a direct relationship betwen the acceleration actin
wpai the bumsa body aind the "toaret displeaenet of the visual target.

Froqveat t=tulaat oscillations of the aircraft also caused sany real
and apparent votions of the evirom tnt aboot the subject.

Applicatioes£

(1) C trenoition periols and activity under weightasmnvoo my ividuce
apparet target rtaicna: the rates of onset of these illusioas may determine
desired rotation rates.
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(2) P'ammb expoomm Lu aircaft fhcilitica, which ay raduce illuasion
propenisity, shemld be inc luded ina traiizrZ progrm.

(3) llusin rosistwocs ztgl1kt serve an & crow oeiectiun indox

(4) Self.momezwn-Un mit* should bave Icy thust lewaIs "a to cotmulax
line-of-a sgh &a docalcration proseangf requirements coupled with this
potentially homardous effect.

(3) As&esie~s (opmaeat tatrat mtins without mAujoct maties) .Lc.:ht
be nvstiatd wthweightless subjects upne with six dazrces of frte4a

of min.

7. Some of Zero, Iracttouel An twessive go* - "ej~cts oftcm ccmnted
on thiri kineethatte ad tactmal resome to cbmma1e$ S lefs. 12m fmnoaty~
o9 theose Comes increased with wb acu W& VeM mkiig Suftic cosaacts an
patfotsiag in tedark (no visual distractios).

asmles:

Com-Pilot subject in deft trial) "1'. at .35 am, faui a slfthta
rising of the beed ... ~ eS' are i croeaLn aw, it s~tted egr 2113 ol a S."
Cifo-pilnc subject La ds:7 trial) "3till fee1 bodily smetiam in t~m eist of
my pents and bw .bmd lioter all t~a tfrm ... v~x7 lirht, Viols 1I~tm I'm
om 0 a." (Amttic t) Yu'elasn of Mi Taonu O Tt=td-is r
%ften seae thm w % etz",tog at .1 gS, thia is all yom a cd for lot-tc.
(Chief, MAM1t2. "I tod the feeling t =rm me aQ upward force an kvar.

Discussion:

2he seeeatloe of tactwal roes.. following a surfice contact wse
constantly reported. "~a (ref. 20) postulates tka mm~9tus total scro. of
tomb ip Lar is terriasd by the vmsr of stimli received arA tim adaptation
characteristic of the stieiulatod receptow. It =7 be mottipted Ohat there
will be a redactem Lu the total encoey Involes Evan these rce"os." The
total input an rate of tactual decAy nigt be wasud Is a fte tdy by 1
cooparng tw-point the*W146d mwr 0 *ad 1 g c~oditious. The khmatic
t~aoo; m to fractional g leed. (botesen +1 and 0 S) is cvrrtly b~in. enplored
is the aircraft with the mee of a docay wseuver. 7%o a ie"l coin be lrmc~mly
diminished frm .5 to 0 a over a 3O-aeced tita period at the rate of *.017gesc.
7his capability o~fersa orl e-,Ivmstot the potential Af Ldetifying the
particular X level saveowad with a behavioral moepes".

mbier (ref. 16) poins (wt. -Tho funtion of the gravity see" become
psrtirtl -y critical 1.2 the proiLtit of a a 0. As ca be read frog the
curve (lerFba Las, witih ma.tains that thse intensity of tt- seasticts
is Plpe.onil to the l."Tithm of the e~esepenmeg $timng) stroonT
senasatlon are camp *d s iontoe chmme of accalerstice, if mmn io uibJected
to sattes of purity loes to s"t. Yet acceleratioms of criticel envisnts
are already produc*sd by woutmr and anw losary moemmats acco~nn ted bry



correpoudinaiy stron samsations o~f accOArration at a 0. At S 1. such
mail additioal accelerstioas are below the tbreshold according to the Weber-
Fe~ Law." laftmu (ref. 24) discuses the unique oaportunity that a redu;ced
gravity eaviromant will offer to study these lower ranges of satizory

Mber (ref. 15) correctly serums that "dutring body moecnts the forces
of inertia vMIiiad weight to thie body in proportion to the acceleration
applied." In otkar words, weijutless subjects my perceive limb accelerations
as Lacresad weight sonsatioee.

Applications:

(1) Definition and devele"eent af g coos may aid workers in aligning
mterials where mnail acceleratiozw of mas and ma smy be important factors.

(2) Lew selection ad various induced g crlteria way be developed
for orbital wvrbvrs and rotatin3 crew stations design by establishing the *%act
S load that caused sees of the effects discisd in the report. For *xamplo,
the start of reentry of the first Pbrcury flight was ths travsition from 0 to
.05 s (rtf, 4). in emergency coadittons, man my be called wapm to seame this
reentry so".

S. Seuae of YMovinf-sz after Pl-netwcuer - 7he senancon of having nore than
l-g "od wai&%t a smrs to be moot proounced wben cubjects walk isond1.saely
after -k*e excessiwe X 7,7ti,:i of th2j parabola. Vhi is ~oAtion was reported to
exist far hours after a l Ptof 20-30 successivn v. k' uvrrs.

Masiles:

(Author) "I perceived myself as being ;waviozt than norml in the 1 g
covidition after the run, however, the 2 1/2 g recovery undoubtedly influenced
this perception." (Mvwr) "Comparable to beery sensation &:ter comiag out of
water after sevoral hours of imnrsion." (Diver) "N~sviness seemed to bu
inch greater. two times as suwch, after weightlessnesse than before it." (Pilot)
"When I drove my car bows after the flight. I felt different and the steering
wheat falt liter."

Oiseusiom t

The giddy feeling of Rree-soexing is. suddenly replaced with a
captive sessation of increased heavi~ness. Any psy .,yhysiological masur., of
this effect, however, would have to carefully conaider the subject sample;
i.a., Olawy peychologist subject) "Any significant short te#= effects,
empafrsntally, can be found only in per7sons who are highly tolerant of g
stress. Without such tolereance, the g effects probably persist throughout the
skoct weightlaee period and meek the effef# t o( weightlessness, LC thte are

Applications:

(1) Craveline's (ref. 13) concern with the reentry phase, "Operator
performance anid bhcnan tolerances will prsitAbLy vary during reentry into g
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fields. The faster th. reentry uitt, the mers prowao w ill be the
bbevioral cl=1 s- 80="to s1 wo'lLl for fth .smator. For
Movie1, a beas F0c=.v t~alt coeaing~v~~ cesuri say Involve the

Oe4~rao =VV5=M O 41 controls W"14e rGn1ZJ to A "eTM 4U187* 41CMt.
The ratio of tbs am wo-mmats is called the toze~rol/dleplay rato. Soc*use
of the pmovovely mItOCZA WeA2VLaro Ct2T&t ~CZ~tJ* cGSCreI atiMS.e &
variable, 2 ooe&d a vi=l/iapLPy vatto cyyata vl.ht camaws for psycho-
motor AdjustwaJt dmziLa the raeentry peeleod.

(2) Periodic active weft ochaslo ISM~IV~IM gross uetar activity
my bmilp to alleviate the poot-M&M.1a adjusxxamt ptablen.

(3) A possible crop elaetica erftertaa mwy be the abil ty to
tolerate wenelw g lee"3 failmlsru "04ttles o riod*. As Mraiot (vat. 26)
noted, porpossfal acivity w~ttck also iL=W~s amso tift gVVty a-to to
the mmoeLot "dobt Itad isdividnai =oawuin to this *%lbw t 2oz raw"7
My dif fer betWW 10nTUMMaal th2 Wide 1823M.

9. ftree of Clothing tressew - 2 he rs objoeat11 Ledicstiw of
fractionl a feeany .qa2jaete wai Utho tefaml mesposs to a 4woeof
clothing preeeare. L00"i clothIU3 Lost Its heo mi temfaJ to omtwUw
Itself as diatatd by to last 1112 mtion.

(Jo-plotmb.tt n feel my~ e1uthing peoms dlewLg.w (I-a

pilot Subject) 01%P le6 hatrn were tickled by My Pants."

Mori"e of eubj'wzz wewles lao., clotio- (rt) m2v"I t *",*

tood. to .ecillats wt of $paow. or lee behind ItA ani4vlatlcss (ps fig. 11).

Vffew 17 . one-of-Pbe Clothtrvj ltitou
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Ajpll/catlonu:

(1) Cram aot r"uiring pretasvrizo apparel should probably eer
foi, fitt n, emaily flwm4 clothi ith ve smtic cuffs on lmb extremiLies.
Clothingi desia should allow S-free limb activity &Mnd ot be based on aj
earth bond 'e" .mtLf,

(2) The remsane to decrease in clothing p"aeure might serve as a
tactile miae for g perception, especially durin t!Z- 4.1 to 0 & transition
period.

(3) Pockets should fasten scurly so that tbLt contents viii not
inadvertently be released.

10. 7use and Notion Sickness - The mAjority of naiv subject.s shod
• rious spnemr of motio sJiknoss. This effoct any have be4o stimLated by
physiological reaponses to ezoasl X &M the rapid X trnasiima perits,
apprehension over LaflL ht har s, c nflicts batmn-n visual anu gravital
Inputs, and rapid introthxtion to a uvrw.wl envirommtun a which the subjects
have bad so ezerisace.

lmowles:

(Mu-orpts from n -pilot2 1, cripiao. Flight wav aborted due to
subject's intmmoa mmlaims.) ",rn wo r'O... C'My. I'm titlhtonin4 up ... (**l
my head, Uy strvcmac, vq bAds ar* all n7 It's ki'nd nf" m l"' r t .'m
tigbt-nog rip o'my ... ~Cr A little b~c of! 4 hVchO ... st~rctint; to sget :
marim ... statrtion to cat werm ... I felt lir) I tlomh evid,&hmg was gzoing
to cam out 37 back I4cariUe I'm 147yi on my atvf-och ... a lttle bit
dixxy right amv a little bit dissy I feel myself stmrtiom to pull any from f
the floor ... ooh, I feal my throat ob, it ..-As liht ... just owr so light ...
still tel tight arotmd the throat ... just looeon my collar a little bit ...
pretty vam ... I fee! prickly ... o, felt a little bit Glasy in my sat b
that time ... starting ts w t ... feel like cow~hins quite a bit ... my arm*
are, my bands rather, tinmle like I axmss scom pFor circulatioe ... t ,aal a 'J

terrific preasre in my feet acm in m7 hips and my semunh - right in the pit
of my stomch ... it teem to be layina right there mI my calves felt a
ILLti bit tight there ... ry calveA feel like they are real thick ... now I
fee rel Loose ... (cou, o.) anddisy ... feas l I bhav a rck is
the pit of my stomach ... I do't feel like rmvinS my bead for ubm I M I
met dLzy - my bock feels cold like ,-. and coisture is drying ... oh, that
rock in my so-mch just lifted a little bit ... o@ps. a it started boimcing4
aoda.m I'm sayi-- :' e-- ... feel reel heavy ... feel real evy ...
oh my, the '100le tighten or to on that ... " (Dir. C1eawn, O.ief, OAIWOlht
"Visceral se s4:om dieesppa daring wLghtleeeess hut ae* eaceesl* during
the trsitiop pericxl."

Dr. . v a Soekh thought that he bec&Tm sick aa a C-131 subjec; 4

-largely because of the. extromly short recovery (physiologic adjuetmimi)
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period at the end of the smaer. I hae floa parabolas in fighter aircraft
for nosy your so had am-"m bumn ill. Tbs fl& htmr aircraft parabola involves
more S's (4-4 1/2 S); hwavtr. the traneitiom periods are unch logar.'

Ye. lack% (ref. .11) reports as jaclikece of anotion sickness of one-
third of his subjects. wzed for experimmts in fighter aircra~ft. lb notes that
(a) "the subject In tbs fLght*r aircraft is highly restrained witbin the mml
cockpit, Y"ic ise further reduced ii. aim by menerove recrdimg devices.* In
the C-131, howver, tbe 9sAjojct is allowed to flost freely nd is even able to
perform eom acrobatics like forvard nd bimcluard samerseults. Additional
Labyrinthine stimlaticn is tbrfore pectbly preent. In addition, in the
fighter aircraft the subjeoct ise restrained in the barrea. of tbe parachute and
tied down by shomaldor am lap belts. t iu obrioms that this restraint would
diminish the 03alaatte~t of the viscera, especially of the abdominal orvmn
of greater WGIgh; e.g., the liver. Wb in the figbter aircraft eoprimmtent,
the subject is bey from :akaoff to the losding attandiag the of ten rather
coxWIex recording devices smich as thu metion piture camra, -- ae. In
addition hi retain* visibility out of the cnvckpit, can follow tOA flight
aneuvers and feel*, thereatr, sor" a pert of the aircraf t than the free-
floating subject in the C-131. (c) TA the fighter aircraft the subject hears
the voice of tbe pilot, who gives his Lnstructions, but he does not fsael
observed by .-re a, Iere and other subjects as in the C-31. The feeT of
bec.oming motion sick in the preence of others my La itself precipitate wagni
syvcno." In edditcu , notion 5ichess can be induced by Obe ewmole of
others throvgh vivial, endittr7 vtnd ollActorv pathways. Garathavohl (ref. 9)
pointsu out t2t dorim3 tbs p~shmeer there was loes aoation of viscera. dis-
pla~cemnt with iohbameued aveted cubjects than with hermasod subjects (In
fighter-type aircraft). Surly in IM~, 1Uinkervitzove (ref. 27) flew with three
doc tors in se. ra consecutive 5-tacond lon pam-lae over Austria and reported
that "all of Che tetst cren becom ill and usuosedo including reporteir."

laber reported that d~iasecsiao between varioue qualities of
perception and saesation my "ell prodrca a spetial : 1m, Wrpurt of airsicktness
(ref. 15). Eacaut Lovatiatices (ref. 39) have rov~talsd that a dfsharmmey of
Lhe per4Loe and temmsation cow~lex (in 4 nor.al 1-g enwironmet It would be
a conflict ra $rsvital and visual ce*e) can induce certain forms of &sac
sickness. Crossfield (ref. 6) repnrted befuddiwwat during the & transition,
but this feeling diseppearrA aftar the fifth flight. lb stated that Me
exrperienced vertigo occeeLcnally os the pullout.

Dr. Cliamui suggeted that ths reason bis twelve flight surgeons did
not becon. I1l on successive weightless indoctrination flights in t%* C-1.315
was because of C~eir intenei~. training ims positive S. Me pr-3potod that

or. 1. von Dochh, personel Cceeuaicstion, Aeroajece badicel field LAboratory.
Sollomn A73, Pow Plaico, I Amgmast 1lflO.

k'zsCual CCP~nicetiOn from Dr. Clmsf11, Chief Of SPace IbWdCiae, M~AY$^l
Sant Art-io, Test*, 26 Jue 1061.
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cenltrifuge activity, including rapid S transition peri~l and extensiv*
Coriolis effects folloaing head notioos w'iId be an idaal method for selecting
and training space caudixtatee.

AiraiCIOUSSO appeared to decre&aaSe M (a') Pilate (when flying the
aircraft), (bf) subjects who entere the owneuver fromu a supine positicn,
(CO) subjects in fMogts that used Loss thsn a 2 1/2 a parabola entry, and (d')
ampariaced subjects, Airsickness tav~d to increase ( &) ioug idle subjects.
M~ wtheaever the cabin bac4Aas uncomfortably "arm, or s~ Ihan aieuvers were
£few lis ieconsecutive pairs.

Ia general, tbo.. suffering Irom fesas, vtwitiag$ end vertigo
comq~ained that the increased ac elartion and the cbaninS gravity encountered
during the trsjacA-or were probably responsible for those disturbances.

Applicatltone.

(1) The lack of this sympton my be a useful craw selection criterion.
This effect may not be an important wishtiess problem after crew selection,
since exposure tim and practice aplaar to be pbysiolog cally beneficial for
aaptation to the weighticas state. TitLe agrees with Geratbewohi's findings in

earlier work on the sosw topic (ref. 9). Lawrence (ref. 23) agrees that "95%.
of irdivLdaaals studied can develop a tolerance to unusual no~tion. Suppresaion V

of eeativia and resposs way develop in non-pnf-issonal skaters in 6-7 weeks."

(2) Mtion sickness sight be antic ipa",d in straws wvn workers under-
go rapid S cbmgu-Ss.

(3) Supine or prone positions should be used durin3- transverse
accelerations. nr a eesdasacnrlcniin

(4) The rate of X transit can he lengthened in t1" moeuver by
sacrificing weightless tins for entry "exait tins. in wazaitin, a l-S entry
(rather than 2 1/2 S) by the C-131D will yield 6-8 secon4s of waightlessnes

11. Task Incew~letion - Dscrease in Sr4n of Attention - Ptny subjects
failed to accoeplish simple tasks during t%,, short weightlses period. This
affect was corosidered as a typical stress response and not specific only to thea
weightless condition.

Mases

Several subjects snccV0efully performing Spos# psychoaotor motions
beca~m coufuas#d wha their eat belts were loosened (-"trg). Mltlors who bat
"Isteiw ..aniog end who woe indoctrinating the Attromnzuts in methods of self..
JocotLon 8ccAsionually forgot specific tasks to be perfnewd mm,4iately sift
instructing their soblects. (VLIvP1 !'z...I ~ ati d :.JUisnted whel
vatangling myself frm a r"~'." (Y%otograptier) 'aeuires msur concentration
to do eve simple task.a." A free-floecing phowtogrpher forgit to opeae the

comera shatter on four succe-asv per&lAaee*. Pisstia hcnAIlows nesod a3%
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oapandvnt mItor to call out uimple tasks to them to Lasur& program
Cuue'1ettoo (Ma~rs).

This behavi~or my I-- s stress rapmo by naive subjects performing
in infasIliar * ir - durinS short period& of tis. Duriag tb's exhilaration
and QZIt~Mmt eft~M ACMUt, #Ubj0tS fraeUCtly, and WnitOVG OCCaSionallY,
do not p-cs~lm simple d'itiaa. 5omd suspects that "sihce the physical phwanona
at-'rme am cotas a on. ito. at a tim; hmaswvr, Sacrasin experience
ailould eliminate this.0

Under actual loi tem wiotlesewas, Msz (ref. 20) supposes that
"a decree.. IS tha st8t Of AlartM2s and a PsrfrM-MCG 4*CrZM can be
antic ipaed dwe to tba lauer total swrory icaeit" wbaraas the subject* is
fMogt are rzacting to khm~~e ttza inorml aeloatin inputs eivcex tremely

short tims pertlads (trastion pemiod.).

(1) A criterion for space crsiw *electiona sht be the adaptation rate V
of sbjecta to unusul oniransmis omit short tim pwriods.

position. A

(4) Trsimits peiodz tend to ravidly Increaae self-conide14nce as
shown by the subjects' A'~liry to shift their iLtneio-A fromn concern over body
positlod to toak completion.

12o nwss irrtations - Van perachuts haresses were securely snubbed,

tbey tended to limt &-free activity.I

"I arm..s coand tightjr wider &*io &."

Sebjects have cAMPLaiVOd Of harne@SOss thit SOV.2 tbs and have
readjvsted brckles after froe-floatins. A basic knemt description of the

ysni itrectio"s of body toprta in a surface-free envirommeet my b4o
seddto indicate optiUvm restraint pnints.

he, LicatiLam

(1) biSMOOD ad vricn asarel should h.P desiDwd for 8-froc iiab
activity. '.kry eboold allow lot uusual limb positions and sudden limb a4celera-

rosoft COMMMukttoo, Coarmiior SAw4, Did.
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(2) IMareases elould protect against accelerntia mad
d5a3J52rdtiO!18.

13. nelplessws* boruseatm Sur~fcee - Subj.ct who have dissipated their
I" a .otion by colliding with othde subjactd or who had tA floor "flown out
from under them " have found themelves unable to rech a surface.

Exmle:

(Diver) "l' cominS eff the floor, ain't doint nothing, floatinx
up, I'm in the air not, b.ewpd sonthins, l'.t ti top, I think t don't know
where I an, I'm just twng.ng her e wtionlses." (Diver) "The feeling of
helplessness cores from tho fact that I don't know which way I'm goinS to end
up or how hard I will wnd up." (Diver) fflplessness feeling is diminished
after successive runs." (Diwr) "! was never dizzy, but very helpless."
"I'm in a hllI but I can't rake myself tumble."

Discusion:

Once free of a surface, the subjects could only oscillate (by use of
limb moements) in one place or return to the surc by throwing an object
(expendin. niss) in a direction opposite to tht ru f r..

l.catLicn:

(1) Life lines will probably be revui- od for 4;1 turkers outeido
the vehicle.

(2) Emergency techniques (axpending mass) for returning to a surface
shoulJ b. developed and included in Lztining ptofrnml.

C. KotLoo Effects - The short term effects of veithtlessneg on the hrressc.d,
sbrface-attached operator are aptly sawwrized by .AsA pilot Joseph Walkar,*
After an extenatv distcussion of the panoramic diisails of his first 1-Inuit
weightless peraboLa in the X-15, he coascu-es, "All the foregoing was
ecc, .. lished at zero- S and aerves, I thirk, as a fit €crmentury as to whather
the human can function ,m m.r these conditions. In fact, I was mildly disAqpotnted
that my stay w sn't loner. Two -mnutes of weiCttlessese are no more of a
problem than lesser periods." The Russian coermvnut sel*:tion proSgaM included
training flights with periods of weghtleseness lastfna 40 seckosdo. It wel
found that all trainees stood up well to weightlessness. "In addition, the:y
could Lake in li uid, sopiliquid, eM 1elid food, perform subtle coordinatd
movemnts (writing, purpowoful movesnts of the harad), araintain radio contact,
read, and orient theftielv%.s in spce vir'maly" (ref. 37). In his fl ght,

VAiker, J. A., op. cit.
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COOMneMu CSoXiu r ~tod that ha felt VeIl tbLneboiat the parted of Weight-
iessnessandM hi.. warkift ability was coiwlataly uimp~Ltd (ref. 19).

The asnsed oparatar, horor face. - problce of body control and
this sectin discwas awc of tha uiqe probL.oa be will have t insiaing
as and off-surfaza body positions.

1. Body 3*siiaon-a Ikttxes - Pasive sobjects sbziecd a tendlemy to leave
surfaces following surfsce-to-tvdy directed accelerttiona of the vaIhicle. s
sudden reiplaxtion of s-4anpresae tiesms Iend adiva way cospose enoughi force
to launch passive gt*bjcta.

CAstreent) T"od7 resiience will force off the floor."

Misousiont

Puss Lw wwbjects lying~ prom an the floor sontims woe froa the
suface after attanM.Z weithtlazzas while bard (wowesilieft) objtect. of
the eamaproximtie wa rornined on, tbe surfe. Comptasible itous with
greater sass than mn (such as mttrsseas) my hae bevq ecceisetad at a
slower rae eii ever were seen to Leave the floor. ?iLs spt ing-type reaction
my follow funm body or vehicle nations.

A plot of t..id end body on cushion daflactioii eltht appear as abovu on
figur* 12. A wry L- 7 ado~r tnznliflOm "d .=t~on responP* may £ollou either
a rapid *esasiwa S r7M s-A relns condition, or a siam'lo posh of tha
subject into t2hn siat uhils wi~htlass.

~~0

1ja5 8 . ?lot of P'robable Body RotLeace Wflctine

2J1
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Applications:

(1) Sleeping crew members must )e restrained against Lheir surface
directed motions.

(2) Cnm.rcsstble asses containing spongy materials should be
restrained during vrying vehicle accelerations. The increased spring
cmtsancy of a cushion would probably increase the subject's launch velccity
aftar a surfsce-to- ,dy directed motion of the vehicle or body-to-surface
directed motion of the subject.

. Sl-Induced fttions - The next five effects deal with self-induced
lie& motions and their effects on body motion. Notion perfornerce can be
cberscterLw.d in teras of speed end accuracy of the novv-nint, and of the
stren th that. La rqt~uirod or that can be applLd in exrcuting the anouver
,ref. 2); howevnr, for the purpose of this report, only observd gross body
motions were )ted and standards or scales of srecd and accuracy and tore
appiLcation wore not tcorded. (aly the resultant notion behavior of the free-
f.zer after performing Che esight gross motor activities used in this report
(4pp. 1) were observed. The activities were chosen for their ability to
suspmd the a" 6-etween surfaces, cause translations end rotations, and
Increas ingly promote proprioceptive feedback.

These action-reaction motions of m~rta.-tree a ubjects inM trted
nWW problem of overcontrol, srtbil/istLon, moif-rotztion "n oricntation
thot &o m~t concern the hernzused opevntor.

a. Srimmin3 Ptimae In tOw lighted c-lbin r~Aive subjects shovvd an
Initial preference for s"iming or flailing li h rations (fiK. 13). These
mottons appeared to be attempts (wisuccessful) to self-rotate or regain
surface contact.

LXamples:

(Pilot) -I am confident of control becauee there is air to swim in."
(Diver) vinnmin motions effective in altering position."

Discuss ion:

Sobjects reported these motions as atteMpts to (1) move forward,
(2) stabiliLz thamelvve and (3) turn arond. Tbe motions rarely &..complished
factors (2) or (3) and tended to aggravate ootion instend of alloing tte
subje#cts to stabil '. A !c .'". rotAtionas wers awkwardly accomplishe., but
p"eL coattrol was absent. One canot translate .r move the center of fravity
(attempt (1) without expending mss from the system or applying an exterval

Ap licatioes:

Techniquvs fnr self-ot&Liun are being developed, and training in th,,.e
mustods ire bsin acconplishad in short-term vcightess facilities. The
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tech"iqus. are based oin zcb,.wiAl analyses of mthods for transae tnS
angular nowentu by limb annipaiAti (ref. 22).

12 3

IAU

Typical tC'iiecesuful Sviumidtg At'-qpt at 7o.ro " -

Figue 9 aewaiag Ibtion

b. Cross-Clow-pd ? ,tions: Subject@e absi~ob~tS faei~u (aircraft
notiodS, etc.) or Delf-i k4ied inertial forces found tha=,anes initially
rotating abou~t a single axis. Suaccssive uavenats of titi inwA~i~e coupled or
mltiaxie rotations.

DiaceslLas:

2bsee-axis £rei ostplLcates the control probs for tas ustable.
g-free, flexile~ @%Pbject who has ,socillata3 cooter of se saitracting
prookocts of Lnertia aong hisa hiansd "~d. Singloeaisi rotations my
Lowdately coup!.. into audtLaxda rotatioe. Alatuet any notion by the subject
to alleviate a spin onliy incream" his. spin cospLexity.

Dub eat. epo In spiv by throvtin artiCles Of UtIlizLT56 aif-VOICtIco
deviet were opmr into threea-dhwuslonal spine (Eftra). Toro subjacts attenptta

Soi
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to he-idl & MtATal bctvm.e thee bY C' OpNratiuS with simple torque tasks on a
COma bodtd (flS. 1-4) aoi~11ly gidad their trials in £ tala of ar".. JOSS,
and mterial (L±Ia).

1 7

JI

Vt0p. O*Tortm. Task& vn a Cow." oar

A" I it otmhI

()Tvtkt~qmcS fei ahiftiag a soltiple-OXIS a 4tida to a singl4t.
axis *pick of $,%, "~ cov.d be 4ruvtAd with d.rmic analys~es of a flaixibt,e
form and vngr"L.A f!-IILO.t IAe orer to predict orbital t~zle behav-ior.

(2) Va' *mtomsim~ of ixbs will reftn* th~e rate of spin. and this rrm
decreart con1ld tmaUli~~ for the flexible wicke~ r vrious prtuwenm
addimms. of esa

31
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c. Uncontrolled, pendulous H~tions: Subjects tended to wobble about
their point of anchorage. Self mowemts of the limbs produced residual
oscillationsi throughout the body causing unstable work perforsaence, po.or
translation, and poor attitude and poeition control. Limb motiouie toward the
surface often susended thc subjects adjacent to the surface.

(Diver) "W~ leop seeam: awkward." (Diver) "I was ungainly sus-
pended, didn't hae the control I hae in the water, *even with a handhold."
(Diver) "Ib problem of fizm tasks requiring finger dexterity, however, mv-
mats involving elbows Ovid shoulders mre difficult.* (Diver) "As soon as I
dropped my arm don my fest cam off the floor and I started floating arovad."

Discussion:

A point of surface contact helps the subject rIn at a serfase; how-
ever, surface-frie interactisi6 aorts of inertia of the lithe way ioduce
stop"y performace. Surface-sttached subjects tend to oscilLate ab.out their
anales and look as though trers were water currents disturbing thee as they
expend each energy trying to stabilize themeelveo against their owself-
indued motions (ref. 35).

Subjects moving wastes toward the surface. urve their center of Mnas
away frow the surface, and le.ave the asrface.

Applications:

(1) Varrosed subjects should mot be rejuired to perform motione
requiring accairsto rvevnnts without traini-ng.

(2) open smsci. systems sust he avoided and nAn should avart a force
against himself (ref. IS); e.g., a windowv washer. using his sa~fot7 belt attached
to a buildIng, is amloing a clofted muscle .y~teu who" he pMtiwes Zist t%O
belt with his heck and the building with his feet.

(3) Masardous mchintry should be Coarded against uncoetralled
e. rotions.

(4) Tether dsrs may be based on the minimumn 6egr"ea of fteedow of
motion required for completion of a job.

d. Scariag: Subjects are able to soar thro space with coe~arstive
"am., but without exten-sive training they will usually suffer eamp~.d sLwm
rotatios (inadvertent tuinbliaa)o because of poor launch tchniqueg (fig. 13).

(Diver) "Sueezisq is wery similar to training tank at neutral
buoyancy." (pilot) "7Ihs bigest enjoynmnr in free-floating is the sailing."
(Diver) -The trip to the me"n (task 5) prot :y inch corresponds with a dive
starting from neutral buoyancy - md perhaps pasuing thrnngh ne trAl to negative

2
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boraay. Of cmore you Imav a re~lve ratea (sInk) around you and it isn't
eatly Uin eamag but the fieLtirg( I bloe tbimrn is some correlation*"

IL

Viva.. 11. ?re-SoAtLOO failure

Dioacusone:

bhiier (rvf. 15) stats, 'LmN a stat. of .ae~eas the ftCr

would imod to ovarcoas only then "'da L~AW& tia, but thry woulid behave as if
they also bad to reckt'm witt its v.Lg~it. UWx~ the sliLat.. effort by rie
aC traveiar to mve his body woul Jerk his tcroats the roon." Actuallyp,
the. oliotoot torco will tat jeft a siubjeeto but viU rmtly releaise him fros
a sortw-a (&.. ref. 35 for propuhlon furcq, roitrarants). The maxium speed
attoand* vf.tb fuil i3 push~fia is only 10 mphb (ref. 2a).
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Soarin% subjects often propel other subjects or materials on contact
and transfer som of their energy to a rotation of the second party. This is
similar to the way a billiard bell can propel another ball, with the angle of
divergence dependent upon the closerness of the points of contact to the balls'
respective centers of mass.

Applirations:

(1) Subjects vill require training fov accomplishing short, straight,
and stable fliSt paths.

(2) Attitude control will be a requirement for flight paths requiring
more han oae trIM'st ia ptss.

(3) Orbital trajectories for single-impulse notion rerforar-
(soaring) inditats a need for safety lines for all personnel outsde a vehicle
and their knwledge of &Md training in orbital mot ons.

(4) Minimm soaring volumes should be established and configurAtLon
and arrange t of handbolds determined for loc'ation within space vebicles.

a. Difficulty in Walking (Task 4, ace App. 1): Without handholdo or
attaclment devi.ces, normal vs'king is I-practLal during weightlessness and
propels the walking subject from the surface.

(Diwr) "Walking seem awnftr-d." (PhotgrnhOr) "I'm continually
Lacking for sothing fixed to th] aircraft to hold onto." (Diver) 1t
appears to be slippery."

bLscuss ion:

The l-g walking Sait is a push-pull operation. The push is upward
and forward through the longitudinal axis of the body. The swinging 1eg Mves
forward and decelerates. There Is a transfer of energy (pull) fron the
decelerating (swinging) leg to the remainder of the body, thus proaoting a
smoother forward snC'n of tbhi center of veu,. The heel of th. swinging leg
the" stri)rAs following ,hich, the toe Is easd dcrm placing the foot flat Ca
the C-Oond. Th easxt cycle begins with a pushoff try the ocher log.*

The initial push propcls tOt subject fron the surface under veightless-
ne. Subjects usu.ll 7 ..xpend more energy keeping thnmelves in contact wilt
Ssurface the they would require to soar above it. iubjects are able to walk

spider faahLooo i.e., hands t, owe surfatce &nd fast on opposing one, beftov

close parallel sufaceS.

tersoeml Ooxmication, 2r. H. J. Ralston, Diowchanics Lsboratory, tivrsity
of CalLfo"a, U.As F =ancisco, Califor -ia, 5 June 1961.
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Dim& "aPort tbjt, In vetro & ;Ldin~o acquisitive motion of the
fat (P~aaeY-catclIr), vLtL al1 of tba body s~a ac-oerazed in the horjoetal
(Parallel to &=ifxc".) direction, poie*aea,s~'nful Vali aa lon as there
is - vertical antigm or bowuc.* -&is techaiq,i sny bg cdoqut for low.
positive gravity fields.

(1) M-20148 Zae Imm lu emehic , evVav fo , and/or tethering
her&wre will 1!' MvrXL"*O1 Em mlhfrv. 9=1, at tbea ae beivg or hae be
tested at the 6WCM.~A ~ Mf41-n C , mriael (f 1&. 16 ref. 17).

i j

(2) V walim pit r,1hmLd be eor,-d in ordaw to doterelm mtLos
principles nod Wimre requimats fci' vmkr, wO" weightleaeaela, partial
S. corialis farres, emeassive g cotion, sAd oa curmd emriaces that m~y be
encomatet04 ou .tbor plasJO end vabtcla.

D. lfcelo i ffects

1. 3JUgIdity of Ftnv*Arw Tools tfztra) Subjects using free-floating Seer
containing electric actors can feel the rigidity-La-sp~ce cheracteciatic, of the
rot.ating motel. soon rotation about the motor axis ay be enmtfloed due to
the mtiorl beainsea friction.

(1haroraphmr) "I can feel my (u1,tCT d71%-n) C~A~ere fighting VA W$te

I tuuit on.*

PttCV.! Int*VIicV, Diver. U. S. ?hwlj SV11arV* 34@4, OWu Londoe, Cofte. 35t
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Discussion:

Subj*cts who attomptd to reposition kand ld elictric drills (power
on) may turn theelve about the drill vwe they apply torques against the
spin axis of the motor. This pvincipls was used to stabilixe subjects and au
a mthod for coentolltd rotation (ref. 36).

ApplcatLoca:

(1) Orbital uorkers usins handbeld powered equimwnt my requitre
different stabilization requitets.

(2) Votkers i-erforld alipnir4-of-mtariAl ta ks my find that
simple motor-stabilized assewILes tend to resist external forces and thus
serve as oLstble platform.

(3) camora motort, etc., within free-floating capsules may impact
forces to the "itire assembly.

:. Suspension of Dust and Objects - Tndequecy of Open Centsiners
Particles, fluids, ad objects float freely, and soarin, subjects dieloIdg am
provel this debris. Loose oblects within losd contair-t.. "-, c AWA.,"

touched by subjects in motin.and ogem coeteiners have lout their c~ontants "uring ti_ raft tubulancc or ubeen

ImwKle:

CDiver) "I thobt I ns sesin spots before my eyes until I
re.; Iis" they wete dust perticles."

Discuo.Ivw.

Vree-f Cc ift subjects continually Lose parapheraliA frog Unzipped
pockats, Camoras, socket wenches, parachutes, sazhi ,uu, and even standby
subjects have floated off when not properly restrained or whon touched by other
objects or poisons. Srictle foods carelessly eaten will crurble and litter
the mo €,romnt. Mislaid tools are often difficult to find after a mission,
because cotiwons aircraft oscillations tend to sift them into mall crevicaes.

Applicationa:

(1) Continuous air filtering ay be a reoqutrmenc around intricate
equi

(2) All ;Njscts should be secned and podded or smothly cosfinirad
if they ar Ued frequgmtly.

(3) cnt-. asr of the sheltr and sprinkler type s o la be avoided
for their contents cill only contints the air.

(4) Dsmae t1a objects should be restraild within conttiners and
tools shmild bw teotered to the worker am well as to the stores surface.

36
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Tethers skoul be shor~t in 1.ngt:1 sisc. an accelerated object on a lang tether
could enci.rcle~ a d bind tho oporstor.

( A 1 tiadown system eenb1lin a limtriess object arr go~ment Aod
rarrCmn t t balp rmllrro the bwmdcm of le~b periods of tr"'el in a
confined slee. M-ev~ (ro-2. 14) nay hava b&on s~metk overcon orzrd t~Om be
suspects thact, rioWcmdtU'i stetllZIO with the woL 'tlmas objects oul m~i e to.
tba psycholozecal atIVAS of tbA trawlears."

3. ftysilogcka1 Mea~ts - The folloingj imt ntal physiological
factors we"e notad or ccmA%%wtorr4 by oalmo4d mo.jota svx-d wera not mtn-La8
for accuracy or reliab~ility. 1 .ay irs in1t'ed only PAo ptaI problcms of
interest to biontvmzautica prsoomsl &Mo vy lia cameod in p-srt by thie V'eur
artifacts prawrualy dlacomAn or my ref 1ovt an iItUmjmretic: ropns of theA
su~bject. Knight (raf. 21) waorns 04t MasiolosLe nw.urm-tote a* e" be roa
In a &,va zaro-S ellipos ran.cant resmca not to a shirl~a IkriObt
rather to Omhentire ccio,1ex of accelerative Owhego d=,ave-ed by X~a fligbt

Tht runlLinrm Ii., of IioCo.Lcj 40c06r fte t aoer& to
contradict Veber vben he states. that, "The cjoditi4,a of wei~tler2ees if t
likely to p..- -y 44.."bances in tV Mjor fweCtLOO@ Stch as respivatioo
or circulicion" (rat. 19).

a. (Vive) "Ual drip - was fortoAdown throat with no.m.1

b. Tecrs - adhrd to the eye b,?naivr of surface tcns.a &M sod srv-d
over the surf.-,cc of tiwa eyerhall (m-)tctd b-y lgtreferring to a aO.rsick
sub ject I.

9. Eyu aeailtiom - Geratheesohl (rvd. 9) reports hat a "lifting
bensastionethat rew'sertSa pressure an t%e lower portion of the Rymballa in felt
but failed to prevont the eyes froma no~iaigarml11y." (This has not bmien
noted during AiM. tamts and maight Se a eapoe to tho hilthor L -entry of fighter-
type aircraft).

d. Tlki - l~i~r)"E-.try tLee I started to frece float I could
Mot t~1k for a fL'aW oe Thie newr arST to haLP7121iz l #ri~rncd
cubjects, boat woo rotted by two naive subjects ad smy hae. bee" d&m to the
skress of the in~lILM: aituaeiofl.

.Cheflgteg oar prosaeuroo In both aircraft, 0*e cabin prwasure Tate.-
of-change Ldicaetor needlo oftce traveled to the pluo, and mirAs hl~ts
indlcaetum extree ch-Angeo duri.#, tha aneuver (2100 ft per win.). This ar.-
fact,produc*4 by the airc.raft syts.a, Iwo Induced such comne as 9Moightl-ess.
neSS ise nkiftj -TY qArs f:VW"ca "I feel a pres$ure On my #er dron." Tw
subjects spinning at raptd ratis mmntlono-i ear sansationa; h'wover, the spl.2
axes ent rates t-ry' not retorded. The4s Pearations mty havs been stbaulatol
by c.'errtfu~a forces acting on the head.

7: '37



/-

APOAL-TVA-62-114

A diver noted that, "any movnt La the water can directly be felt,
in the water the pressure change is much greater and you can toll if you are
moving up or down by pressure changes in the ear drum."

f. Valsalva - Difficulty was reported in performing the vulsalva
saneuver after froe-floatin by two subjects. (ThiLs is a method of equalizing
pressure on the eardrums by forcing ambient air through the eustachian tubes
to the inner ear.)

S. Chills - were infrequent symptom of nausea en a cold cabin.
The Ixperaturc vws lept low (45" to 65"1) in an effort to lower the airsickness
rate.

h. Rlegur lttior - Wbany action-sick subjects regurgitated constantly,
ind one officer assLgned to this proltct for over boo years (logging 600
paraboLas) emptied his stomach almst f-very flight. As " postulates
(ref. 20). "In the absence of notsrsvitational force, no density gradients can
exist. Thus, regurgitation of semisolid stomach contents vould proba 'y
increase, since this function, dependent on differences in density, will be
inoperative in weightlessness."

1. Swating - because most airsick and some non-sick subjects sweated
profusely, cabin temperature was .;intained at a chilly lewfl. Body cooling
is dependent upon heat covoction and me) not function in veLghtleseness.
King (ref, 20) notes thAt beat In-i by co vection and evaportive cooling will
be reduced, and also thet subjects my bc trnined to aid hat exchane by
voluntary movemnts of limbs and body.

After the first U. S. Suborb5tal space flight (ref. 7), physiological
responsei to five minutes of veihtless flight intarrupt&d by 23 seconds of
retrotire) were found to be uneventful, VIkioce, semicircular canal fw ction,
and bearing appeared intact throuohout the flight. Astronaut Shepard was able
to operate a complex vehicle with no significant reduction in performance; how-
evert, Cosmmaut Titov, an utarnessed, relatively free operator, apparently
suffred canal sickness (ref. 19).

38

. 7.... ~ .. m ............... A.

I.I



77:

MAIAD CDXflS31

A rs=% "Ca emp &@wA S-ftw, r l~a & Iw cu sd opplied
to the norez .a' oni CbS pufZ s Lkrcn Estot in Table 1. Thbo
nagsmp mrao Com wo of %bo p~Intrera, tt' ~ a a feo m rer1
tbs fitkm an W %fr iQmt bitewSvor lateo nL$'lsstateo.

Table U Lit=0 toe fC .- tlfI~ rnc and pert twn~ effects and
thehelm WC tess CAd sirI&:'L.tlw bem&Z~a velrpthta fawllltln

oamL te 6is-o in :~ "m= j2 thW4 otVz'sa. ta&~jfal ftnm aress of.2
zucoon a* a10,o Liste4.

*ddtdI7, fl. kct 4cb in 0t1o innt Ca0 lfrrt*- to Mrpm-i to
w" ao w vle -.izt r' FA a t~Zdr walLC-67fzy a&= toebe wrarfkd l 11.
urbild t'atc!. Tbe Cwnt Ont to*v C744 4ml A ra'fr12n tmde-Al
""a4 6n ftbirT7V Ipm rrml fent~ ~m~oo r. 2 .:7 ths'a t Vn q be

ni l~ti~ 4o :~ rtto bet koF~~ of zqu
wIolekz oar 9 tatqAO dWOusd kZ7 O n (rat :S9) bm nted@
that the rftsorh!' catl Lo dIme fn tNo 1-0 nt. 3al1In4r.
(rof 1) aced *"nec oCesCeRolc dlsUTrc. sI VCro "C.7zMy i-a she btjects

sed ttetwks~ Antlz seo-gjnwloy." Csretimchl (rat 20) motte tat
nwtw bn is t%TA C rLmmtam am es' ad by aciltkifl ecoolarotlocs.

W. somet epey C"vfalls laws~ to bo prOrSdW4 by heed moert- whlen
the washmr Is m IT.6 or. I&ct9P' is c zutg" of Mattor
mysflm tm C 742Art b"a ti~:At ' will be a datp

(rof 22) hoe1~ t~ z-;:&7 f rnC 1sIn tho Mre-aq
& fle C tz L me, rr t to t"' cs.I n'd a rpmem Vtznile

of make" L,3~ wsi c Rir" -r~L oh ,!t "'two (rot 210)A
baw fcabS a oP£ltC!h f'e tzm ns u ci nlojt flscrfrdaatla
abiLisies of O01-s3coh UIoa Ojects sod Pldb (.'1 f1) naPocto a mall
dcenflm of visual &wmgy.

The first oeoeiftnionc fw doUVIl hrtse md qqptissi perforatrc ..

should b. oamalma1mvow ttn at mo of7 ttss velgtLns
behaviora. httrTccers n-Ad cerelm of mnias- will he ropzlred; hmer, the
pcottal paprr: efm ra aos m n c'treT Ir, ormtno, powashals eor
xmio ive rlw mte Ire e nd rmterlal h0 1ICr - I.*., tho meet Intimate mm-
shlel neLatlcrf7lp nira eoeeld ohw: Id n 2 all of an. qmVpfls.
Tnsm-faLem ama Is Ltdnd botb Dm end ctwehiclo and driver I* a"

rnal CmmOaw!ctl cm, Dr. 3. r. ReM, tlninrslty of 141idilga, Merv.
tog. L.69, Jris 111,31.
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Ct$ O TASKS

1. On the first trip. L .- jejct Li7 face dcmrs, looking aft,

keephiseye anthe men. The subject m u s ntructfd not to bold on1, not pushb
off mad W~t use his heeda Oir feat fox. any F=Voo Qect to aid his during the
mamouver rec,*vary. Tb* subject %w, told tbzt be =.y or nay not flost off of
the f loor. acd was wt to reist either earn.

2.1&! M - The subject lay 10 a pox1mtoly the Sam poition as in trial
,,q~her 1. lb ws to bu.p Us. ae. on 0ae zru MAt tea to Vmb himself off of 1
tb6o f loor. After sus,,naLo he wei to uae MAs oz faet to keep biseself
flactins.

3. Stand -The subject entered the manar stiLWing. lb hald on to the4
o vi Arm at issot So bRIA, usklns our that his at&%ce was firm so the t
he could not fall or injure hinseif duint the 2 1/2 g pull-im to the paraboLs.

wihen the mero-S condition bad been rachcd, he relsenad his adhold and

to aaything.

4.. WolIdn~j - Vx gA4jec' outored the vs.:,anw. in0 tho *4 ponitbt'i i In trial
mxt'!!,r Km1 si t n "aawir with his, t-;ch rpoinstely I foot from vk'
fotv=rd b1othaut cttl.2. W%-,- sero %n re t.aind hbe was itrt.uted to wik 1a)
the aft buiI*4r4 w$:l o bizi *a the cailis3 to Ltcz hhiolf erect arA U'sep
MO. eve, on tha a-:vn. Uz was thee to turn ara.rd and walk to the forn-ard
blat-Douzt zurts!.

5.sai ~ ujc etrdterrum lying face down, foet touchirig
theFE~ltcurai, l ws Lctrctd t kep iseyes (,a tt~.--. Upon

achievceett of saero g be w, to lift h1.~elf mlip-hely of f of the floor arA
push with him feet agaizws the curtain In order to &ail toward the moon. Tbe
sub~ject was itructe4 t try to hit the woon Itself. Upon ochievtas this,
Subject wee to end~av*, &a moor beck to the e=S~pevieenteby Pshift Off Of the
aft bulkh~ead.

6. P.M"In F te-irin~ - A rope WAS a edchvd to the aft bulkhed. Th4
other ted of .ur-. rope we placed in 0he subject's hen.! in a sodiu-taut
configuration. The subject was. position"d as in trial nuxbor 5. V"o rsaching
zero x the subject's instructions were to pull himelef aft with the rope. uormrd
the mo.'a. I
7. Tubn - The nooni was turned off. Tbe subject posttiofiad hinaeelf as in
tLaua~er 3, in thA center of the cabtn beside the ca?-tn door, Whent seto g
WAS achiaved, be was to throw hi. head and hands dowrn and forward and feet up
snd hechuard to achioyve * tunable (as in diving into wmter). The subject was
informrd thee trial nvn!ar I would be dfrectly followed by another soto-g
parabola (trial mx.'er 0).I
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8. Lights om Duriw; the entry of the w--r. t". I"~ th
wre turnsd or. During this last trial the subject was iztformed thatc he way do
anythling he desired. (Trials 7 and 8 woe floen as a double maneuver so that
the subject might quickly compare the dark and light cabin conditions).

IMe subject was told to use the recorderduin the entire mneuver and
record enatt~s, observatioca. achleviwwt oUiaiunetc. *b~e each
trial be was told to record the trial numer red the instructions for that trial.
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AF2VDIX 11

RANISCRIFT OF A SUBJECT'S VMPONSES (Astronaut Scott Carpenter)

All right, this ito Carpenter at I S, 21 September 1960. We plan to do s*cv
or eight xsro-g trajectories this mo~rning. and I will L4 recording during the a.

gpushup. This Is all to be doca in the darkrom of the C-131 with the onmly th
visible a very faint soon. Lanks like fun. All ri~ht. this is just prior to
the beginning of tIhc first rut'. Ky iastvoctioia are to - first of all I aslyi'
on my .tocch in the forward pert of L2~o blockead out section - on my ostcN
and I can see the own so the aft bulkIv 4,. My Instructions have be"u to push-
up slightly just clear of the floor sa-i mowvewry slirhitly fomwrd, this I hope
will keep me ospoi~dd in the sit and I An to record smy sensations WhIlA we are
weightless. All right, we are beginning the VO-2ovar. I Limesn we are about
at half a a at this moat amd be" cezvo the rillthrousb. I got a slight,L
I get the feeling that the back end of the sirp~nw La Stan down. Its just the
rotation. Nov I as pushing free of the floor rorir,3 to the right, bit tOe
bulkhea. nowi I still hove the sensation now of nouin, fot'rd. I'm against the
floor, now I feel upside down, I vill puch free - I bit the floor again. I
definitely hae the soantion of turnn , but ther e a just a Ver'y sbort perlo
TV-ere were two or thr a shrt porioo at which tims I wasn't tmeebing or uzp egni

2the bulkhead or floor. When the run wit over, I was ccoltaly disoriented , I
no idea which way was up or down.

All right, now we are getting ready for the second run. Instructions this
time are to go throvigh the pushover and pullup In a standing position holding oni
the ceilirg with ono hand. Wjhen we get to zero-M, I am to release my hold on th, *
ceilin.: arnd that's all. wie will see w.h..t khppena,. I thin the one thing that
wiJ'.t be Improve~d on Is this helrmt, it fit# dawr on - the front pert fit. dcren
very close to the eyes and with ffnv .nA ~~ ts of~ rotation tha holvW?
could obscure tho moo end create ,c=o disorientation that mixht put scan roiic
in the digj that you are trying to get. T m;A:.- add that on the first~ run I wadf
MO L~fort. to &hang* In a body pobliion, I think I ecayed In a strotched erect
position throughout, until, of course, the end of then run when I sort of

crum~pled on the floor. This tine 7 think we start standing -I think that when

amo sitting with logs crossed anid see whet happen. I tried this before - it's
relatively relax.ing. Another thing that I could add here, your mind is not
really able to devote Itself exclusively to evaluating the weightless condition.
Xiou I an recording at about well 0.5 guing into the pushovwr. The reenon
that you can't roally deot .yours.F0 h p~er cent Lo evaluating this data Is

1 ecsuse you are in too confined a spvt and y,'ur iid is continually trying to
thins'; vell, which wcy an; I going and whent am I itoln? tohtohat Prt of

difference wh-tre you hit.

Arid now in the piu2lup of about 2 g, I'm still stAnding. Usre coes saro-a
(secondl run). All right, I'm letting go Oe, 1, I let go nowg. OK. I'm

&the Oupter, in !eft ocir7in -for to the Irnve)I~wd faoezovv ejm an p~ a%.
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floating. Or., I'm moving forward and I'm tumbling -p And down. It's hard to
evaluate Just exCtly what is going on, because that actual'y wasn't too good
a run and I was busy trying to tall whether or not it was tiN to let go.
About the only thing I can say about it is that it is completely disorienting,
and the ol7 feel you get which y really can roly on is where do you hit.
If you hit on the right aide, you know that you miht bave traveled to the
right, but -Y e a et a Sense of notion s*MVWhere . 7%eTe is no sense of
being truly aua-'d so that you amr statia ry witn lespect to the airplane

uM this time I'm to go throeh the pullup standing. At sevo-S, I's to
walk toward thb mft end of the airplr toard the soon or until I get to tha,
end of the walkway on the ceiling. wLch I will be able to feel with one hnd4'
When I get down there, I'm to put W feet o t"e ceiling and walk bacbmirds
toward the front of the airplane kep the -oo- in eight at all tiums. 01,
starting Lhe pushover and reduced p , 0.5. I've just been told that I can!
bold onto the ceihing as I walk down. ,Lbis makes an iMonsible task poasible,
I would say. ALI right, we are etartift the pushover aysin. We aborted tbe
first one (ahorted first try of third run, lost eight of Clinton County). I
anm.m recording at about 0.7 a. My be" La just cila2r of the ceiling as I
stand erect. This is going to mehe it a little bit easier to lot aft to the
ceiling as you couldn't force yourself back on the floor. Sy pushing on the
celling you wouldn't be able to locmote very well this way. OK. n.w we are

Ta t I a . Begin the walkian at 2 S. I get the rotation of the t- i-ad

now I a at zero-g, and it is really no problem at all to walk toward the soon
at zuro-g pushing down on the coiling end vp on the floor. OK, 'u now going
Oh, Ob (laugh) - I didn't quit* set my fevt vp on the ceiling befora we got
back to positive g. It wuldn't tur out nutb of a problc to turn yourself
around and got your feet on the ceilL-.. There Is a rLn, hre . u can hang

7 by. push youw feet' up, force ryour to-ad tn rhe collinR - 7 *uien to the floor
and you slould be able to get teak as easily as yo go "or. 2. rt Just
wasn't tim to reorient wyoelf before we went ba.ch to poitive C. 7 might
add that as long .... my feet never let th: fic-! and rj hands and 1-ad re 1.l
never left the ceiling and there was no tinorienntton at all.

OK, next run is abo- to coprice Ifourth runj. Instructions this tLe
are to go into the run standing. At "ero-K, I.a to begin twisting about at
Yerticxl 4xt: -r v-' Q'.t the mwvn v Ialtteie1v appear and diaappoar. I'ma
to stay mnore or less erect, and we wial see what happens. Another thin1 that
I notice- standing bere going through t a pushover mad the pullup: I get the
definite feeling of the noon rising as Iw push over. and w4R.e t1W incr.aszs,
I ca a*~ly61 hemo odw I really feel tho rot t an , t~i fus;elage,
at lst I cat fre, -avit, nc e thm5. lit actually doeu . OK, puahov.r
at .ust slightly reduced gravity, now I still get the *ense:ion of the teil
ening up. I also hAvo an idea that when this twisting begins, it's rapidly

10 going W chin...s cau ,-' I wilt be zal" emwpltrtly disorient--J.Ti i is
&S &Wte moa is going dwn, I have hold of smve wire above ae with my
left hand, Bere is zero-,. and I'm twisting to the right. And, Oh! I hit the
fluor - let's see, is that the floor? I can't make sue I have Icat the moon.

SPor recording.
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I's nompletely free! WTre is the ann, and I an upoida down. go, Sir!
I as right Pide up. I as fwL=i aft - ~eain coletely disovionted. and I
flo ted free for so= tia withut toachina a thing, but in more 0r les a:

12 sittin; PoottI.O tlut 00 to be 441. ~ v~iio "uwnal ?oto . Also,
it Use -you =n~ail i~Tity.re iit i a k1-toT t the wall.,

ceiling. or the floor. our iesia inverter jvot wont out. and we'ra $*iug to
hold off nov for a couple imate. Tbere i one other thing I nrft wantion,
perticularly in that loot rita uwe I was froa !a the air for at least the
lorgest time tadzyo I didnt tc~b the coiling. will, or f loor for naybe seven
or eight seconds, but w ato I didn't Mve the feeling that I was 5supended.:

I 1 felt that I wes to _t;A 11 but still n . It also
felt litte sort of a -i4 ra'-r, not a t or type of
'sutlon. I might vuaka anotiscr ob-aervat~ft hero. All the vero-g work that I
LAve dose has bees en ezhilarstizj thing for me. The f£redo that it gives
you, you are so qm, y cn fint litsn a featr and twist and spin,
etc. It to alIcye a lot of fGs foV9 M. bit in this dArkiroaa tSQa You don't
got any caes end are cauplaely in the Onr abtcut wtwre yvs are and Obat yo~i
or* doi:%., tlw fua o is ov. 5tj r4-t rr-7 Irent blt~ j~ e't Pat 0,-"r viwnl
cases to woPne'A At fu tt yTL~co~rt~h ~ ~
h.-re. I ij Wk a- t ao out of thitd busines when you are blacked out
like this, bocsuta you really are in dort ts to hiich way i up. And tits
psychologist will say. "Ah! there is a need for the people to know whicb way is
up," this is true as Ion s yov uhorsti- up is defined only as up with raepect
to the .ahiclo you are riding in. It ay be domu tmward tho &arth. but if an

,4 can . I .tbn f tpotdn vtnevor he is ridfr~p at bein 9112 in
resmct to it o~ rsd W* or n st a h rQ3A lysed.

All rifpt, - c %I-n I hrb boen 'tl to jaust *it bere. I haov in my left
band a rc3 azt-zbtr to eln.1t "z of t'l- xirpl§.s. At zero-g, I will try to
propel myeelf with tha n oq t o roo o vttl t rd the we*=. Of cours, Ie
unless I fill ri,,N in lin vith ame con. t- of ravty, I an going tn &ata
to sid ve h no! y being :A to w2T P -jItrd Lt will he bard to do this ad
talk at the sesn tizi wtheut tzoiblias he able to grab the rope again afto:
I bavs dom the first pull wirt It. Vilhvg my he in fits and start. for this
one (fifth runi 01, s tarting the pb 11oir ww. Sitting on the floor cross-
legged. miw, It oud be wth easier to go this w a ro attached for* and
aft. As it is, thtn a J3 SonS to be bard to "o. ftIe is Lhe -' g pUllan. I CWA
ses the m-mn golms dvi, acmia. Plow rn a"e at xto-z. I'm fLarati a little off

to the left. A Tne! this nt Md1. I'm ! tvi r1i.lt bmck tord. I'm r
I's a the floor &ad back to about martl I :, and it a e tIra to ao that I'm f
about 3 fost short of the anon. I nev r left the cross-leggd sittinn position
sa4 1 felt like I flosad grodually aft sontly rising until just short of the

Im. ny head bt the calling, vs 0cem palled thzouOh and I tot back ont3 the
floor quite gantly, and I was able to take S at 6 pulls on the rope without
tusiling. Another ijntersttnZ thought: I thouriit that if I let go of the rope
that last tia, with one hand and tried to grab It again; ordinarily a rope at
I g would grow slack and Cell to Cie floor before you could vat another hol-d on
it, but this rcps of couerse, stayed stret~d out all the tim and so grebbina
it again was not haird.
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This time I'm just supoed to iLa on my stomsch and ail toward the light.

This i more lMP It. I will li on my stanch, and I won't try to push off
much. Yesterday, in the 135, 1 found that just pushing vith your fa.,'t c- off

16 the floor y body .il . frce . off th lo~r and T xip ct I can
makeit ff-W -oy twk ~wr usng Us mh~dwitG~th4Ittinz the ceiling.

Ner- is tke 2 S pullnp [sixth ran). And betr is zero-S, and he" we go! ow

this is aot a wry od own, we didn't quits - 0%. be we go, but I got
carried way free the floor before I could get mcb crectio". I didn't get a
good enough push off that tims. I pushed &awy from the fonard bulkhead before
we we really at zero-8, and the friction of the floor slowed , down so that
when we got serue ltatr I didn't have au thing left to push on.

cc, ws are going to try that oem again (seventh run). 0, ber, commencing
the push over at reduced S. This will be &nothor run of the sams kind. I an

going to wait until we get to zero-; ui then push off from the forward end nf
the airplane and try to float beck to where the mn is. This felt like a
rather !ong dive and a pretty good pull through. ifybe we wili gt a long
euro-s period this time. 0%, bets is sero-g. Pushing gently off of the fl-r.
forward I go completely free. Mos Im upside and spinning and twisting, and
I bad no purchase to get back to the back aide. Oh, Ps: that was a pretty
good rum. I would sey there was velocity to gst all the way beck but I hit the
ceilif before I aado it all the way. Ah, let* see, thou wbat happened. I hit
the coiling c the right-half side looking aft. I think I tried to push off the
ceilint to got aft again and went to push sidweays too hard atd bit ann.'-r
bulkhezd soswhera. So= time during the ran, I got back neiarly to the aft

bulkhratd, but at t!= =d of th* run I ended up jujzt aboat in the middle of thecabin. Y made a couple of turns to coupletely upside dwn, and that is all I
can thin& of.

07, my intrutiono this ties are to do -m front flip, try wA stop, and
then sail back to the soon. My eyes are tv be closced durmn the one tutle,

then o&,e the eye when you think you are thro%: h one tumble, try and fi-4
smething to grab held of tn propel yourself, diving toward the own. The only
way I cam get a tumble like this started is to lie a am stonich at gesr-g,
bring your knees up underneath you; actually wbat I viiI do is kneel, crouched
don a my knees, and at &e*o-g I will push Stetly off with my tzes. This
t-nmue" a front flip. Now 1ring able to stretcb out afte oam turn is not
kL-n, to be herd but to be abl tw catch sumetbinj to stop tte tvable at the
a4 of eam n will he & problem. sete is the pulL ttrough (eighth run).
Tkta helmot agin is a btor. OK. here to eott*-r - poin dma. I think thot

T hee ae t~zbes - no, ? hit my beck first and I. lt, . I can see the mien and
V.n Weide don on the ceiling trying to get back to tA "oon. I hew no)

pict-e .... tt uas one of the brder Landir.". TVs.'e mot bed, I stret;chbd
who" I felt that I bad ande one tuthle, but Act.eT. t b ony N I no out halfthe

1myi 3 back hit the floor, t bounced off n 0-Ihe eve, vas 0.1
cople of time so I we- coupletoly dieorLentd 5h , "d to mbie up way beck to
the own beetfre the poise o" I couldn't find Li.i : to #et any purchasr on
0o it ms juat sort of a woeles strvzle. AnotbT tsins that smiht be of same
laoteet here. Yesterday I cracked uY back a covp. ttmn good In the 135, and

the Ljct that t twrt wyvelf - not bad, but I got *ane good bruises out of it
the fact thee I did that ysererday reduces the well it makes you not qits so

I8
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reay to really give it your all. You don't start to spin too hard to too
quickly because this generally ada you off in one direction or another where
you could hit somthing hard. If .waything vas very well padded, than you
could really give it yur all.

This tmy instruction*s are to lie dava and try and propel myeolf back
toward the light Just be grebing onto the flor. I think talking ering this
one is going to be a little bit of a hindora~n, this La going to tako tvo hands.
So, I vilI put this "avti" awy an toll you aot it aftomrds fninth run].
Ok, that we a protty pia oe. I wea able to got all the way dawn to the ,,
and all the may bck to the ftret m4. That tim I mud both b and

1'V vrieilv~ly Ga~bsj Itrt a 0"li 01--h tillg tt .cnm-ta mtklio s"og
to direct y n-self iL7 1 rq o L . i uau may 4. F.I
although It "s a good nado- run and I %",a flctiso b sd tt bold zreif dAm".
I tot all the ay to the aft "4 of the aircreft t about red r fo he ......of
the carpet, I tcu~bod L*A heX tad I brv-md around a", ewxtel on tho way back.
After about two grebe an the cavriet t Lost ef Neld, I want vp tu tba ceiling A

19 ricocheted off of tnt a d finally It's' f.h l t." z th og vr bech b rs.

this ie the Last double ran caclas up. I &,t going to get about in the
iddlae of the cit.tm. The , an i La mw .r u fof ) f and t e first ran I as

to do averthima I mart, but It will be ce--71caly blacked out. I thaizil what I
wil do iLe just try aude got free. I smy *tart a tw~blse ow my inst sit in a
sitting ponitka. The second rvn ill bo tho em gr-ned ruie, but with the
lights M-, I am M o ea e which "~ I C3 fi-cLvs am and that is go~d. It
seem lilza I W a littl'e i of"' to ort ni,* ord the pvrt of tuvn air-
p Lane. Yes, t ~ 7 in e a Ic a% In t -u cclrLn l uvi I ! A bno a m - a I i&t leak,f
th t L. CX,7! v a 1 fi that ilM olz to t l i tl '-rd the

...t str o ' rt 'hn Il~ Io)ed coh !).l €

20 _ oon ot_ ) i v 7,-t 0 n - c e*
S t oni t ~t o .. a. ~n; tt ~t,-oatin o .g

again fa ing th aft of t ll .... PZl ti Crm.r Wi i "'-V tenth run).
I thinir I will try - I doA't kai" - I to -a ~ lie Cn my 6et10 b, chang
to my stocuah mew. rins the 2 a. I am goict to do a trot flip again, they
are nrs fvu. Zero-g, Ah, pboy! Ila floating. floating forword -ae I think ,
and now 1 started to piteh (Mugh) I'm floating -well I don't hoow what
happened4 or who, I hft . Oh, horn ha is - tbo sionitor! MK that tins LMreall

.1 felt like I a t, nlns like I wae not turning A4. 61l0

This tins the UL3rts are rim on. T will do the am thing [eleventh rwnj.
...at the start of the run thet I wet floatinS fon'nrd. Oh boy, that was a

Z good oam (la. ~htor) Ott boy: OK, t. -t is a lat re fun when you can see
what you are doing. I Jid 2 or 3 flTWtadi *now let's see,
whet io the upshot of all of thoe Cann. 211e thing that counts in Sy mind
to that without a.y light nt all this is a wery disatricaticq thing. you have no

', idAwIrchnVTIsy v Wih the hlite on It is not disecortiag, at all. Tt'e9
il12t gue in.
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VACrS IM~LVED IN SUBJEfS 1ESPOMES WAPENDIX 11)

1. False perceptioa of rotatioa (1sf. Results, 3, 4c)

2. Complete disoriatarou (Rat. Results. 3, lab)

3. Sense of partial I (tle. Recults, 3, 7)

4. Ccm of collisio (Rof. lasults, be S)

5. Ses of conti ous notloo Cef. Results, 3, 6)

6. Se.SM of excesslve I'S (lf. ResuSI, 3, 7)

7. Possible foot-down orientation (Cef. Results, 3, 4s)

8. tack of dizorlentatis with tactual contact (Mie. ARslts, 3, 4b)

9. Oculodeg ixv illusion (1sf. Results, 3, 6)

10. AntLCLton of cross-copled motiou 1.Rf. Results, C, 2b)

11. . ose of direction (Ref. Results, 8, 4b)

12. Relead poetuc (Ref. Results, S, 2)

13. Sense of cwtotant mtion (Ref. lew too 3, 4c)

14. Loss of eo/aorltc sosatioa i darkness (Ref. Results, 3, 1)

15. SatsfactLo with vehicle rather than so.,*% orieatation (af. Results. 3, lb)

16. Self imperted motion from body roeilLence after e*esie &'a (Zef. Results,
C, I)

17. Mpreecimatioa of rotation (Ref. Results, 3. ac)

18. Surprise at mall mKnitude of boldiug forces reqaired (>f. eSuit5, 3, 12)

IT. Need for coum~icetioa required between two people (ef. Results, 3, 11)

20. Possible use of illuui o as cue to vehicle behavior (Rat. Results, a. 6)

21. Polsible dependence uvn vl..mal re. for feeling of continuous motiort (Ref.
Results, 3, 4)

22. Iense of exhilaration (Ref. Results, S, 1)

23. DtseuismitLon with respect to distee as well as dir*ction (Rot. Kdsults,
3, 4)

8o



Afl3M 11t. SELZ COM =AIMT 31=9MM SISTM

Th amstatectory sh. recordisn of vcu1 statwonts by free-floting
mqjocta sw4**~ted the nead for a bett syem~ few futuvre uwsearch. Sutch a
syste me dvmloped for the Aix Pwa" by tbe Si.xM~ Sarrivce Carporatimi,
Tulsa, 06~o~Jemsnd Me thsaadft was ab'me td froma a r4LLxcO? "part tic 1Qd

"Tehni - -11 -d~ ?LnOttI.

lie eqaIpmet frrnk~hut wa deL~steJ tbh erct~ Itotion ") &Wd the
re l Radio thit OWLY) D"L11y the 3 ro)icetv t~isalov fr~M a

personal ctt- LIe simItaeusly rems~ tima tWe antlca to all otbr
persamet %.1. La ane system. 2he Repeater Ctain am be ftpzzatd with or
ivithout an present. Woa an oerotor at the repostr statiou =t
a cransmzieiv,-:. -i -;tco c~zraitod switch atcoaitka11y totarruto any trwmiosion
being made by a parorn1 trit. Vth partvrxt 123 Lu a salclon1i~t bst coa be
converted to a mut-hamm unit. Tbe RS is a un~e~to it and oplar
channels. must haveI Lvid-zil repeater eatlam.~z AIL urdta tois sd ys'm ace
equipped with a voice cysratad owitzh. IWhen the operator cpaks Lae; the wicro-
I a the unit autamotically owttLe from~ rscair to trr 'mit ad likewise wma

the operator Casa" to spea~k the unit retuzri tothe o~romd of operratio.

ant*MUIs 65 )f~t1 I3is~~ 1cW,11th. n2r S a~ t riay be placed at a'e b ~ho t-~I oia

The asSUP A '1i"*L4 t~s ca chst;: -. cne, tlv tr~avs-it-t ftvzeacy Is 42.5 -_
and the receivirj -~ 31.5 -r:. ?Tm F"U.1 rupplid cperates oA CbaWcm1 ofte,
the trsivittinZ fr'-it=y is 31. ri anad tL.i rs'~ cii- Zroe>icy 42.5 cc. enil
is equsi~od for ct~,-t~ 10 *V~t~, thm trazdtti;>; fT,,rnccy being 31.55 nc.
and the receivz r Ltqvu,= 42.1*! Ch-at~ ewv can bc f~ainithei I& "y
additiottu.1 £t2ae4At sttulo.

Tr~asittar poer oatput L- .tVT*Izm~catsly SO amIlizstts, mad the receiver
sensitivity Lu I microvolt ito tzia recai'te atama t-irnrizals for a 10 db
dpaeal to noLso ratio. The audio ampiif 14r will d~l1frar IS wtts into tL~v
earphones. ,The M~U 1. erord by rs-crgobla batteries whia will deliver
approxitely 10 Op.t~-ue' e pration Unider corAidtions of 3 0% traarmdt
ari 50% receive. An external chargi=S milt is pro'vi~d and five bouts arlw
required to ccnmiletaly rechnarts tt" batteries. VhA CS contain# a recharge-able
battery and a built-in cbsrrr.

the microphonee Lurnished are of the noie. camca11iri type and tins operator
mst speak directly int* it in order to produca. the aetery indiLattoa loal.
The following ase il~catia have been included.

Receiver Ppocifications

Crystal contro lled eaerhatarodom
455 he. 1. F
Delt-la nsez lmiter

T 77:777 777777777277
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Adjustable squelch
Amp1iLud ACC
1 Mnicro'volt sensitivity for a :0 db signal to noise ratio

Tranextttar Jri~cifications

crystAl cootro11*4 oiwiIator
Us. level muftadt pwoer m"1ifier
100 ad1lkvatts inpt to P*Mm AVVlLfter
Speewth com rsmv for hi?1 a vmra!' n,&kltioa
Voice operated switch for tramstter coetrol

Ficturas of the unitsa are shmn ir 7ivws 17 azJ bMod- diagrsm for both
of the wits are included in ?iises 1O wd 19.
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